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J. InTROIIUCTIOM AN1» Al’KNOWl.KUrxMENTS. 

The study of humble-bees in Buckinghamshire, Berkshire aii<l Surrey 
during 1946 and 1947 has provided information relating to the problems of 
worker and queen production and population changes and organization.^ 
Statistical evidence on new and previously described phenomena are presented. 

The work has been carried out at the Imperial College of Science and 
Technology, and I wish to express my thanks to the staff of the Department 
of Zoology and Applied Entomology, especially to Dr. 0. W. Richards, for 
advice t^oughout the course of the work. I wish also to thank Dr. G*. Salt, 
of the Zoology Department, Cambridge, for his many helpful suggestions. 

^ A manuscript of the detailed observations which are summarized in this paper will 
be deposited in the library of the Royal Entomological Society. 
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2. SoM 3 B Fbatubes fbom the Genebal Biology which have a 
Bearing on the Problems Considered. 

(a) The Ovarml Development of “ Spring ’’ Queens. 

Those queens which have successfully hibernated are called for convenience 
“ spring ” queens in contrast to the “ autumn ” queens, which are those pro- 
duced at the climax of colonial development. 

When the “ spring ” queens emerge from hibernation their ovaries show 
no development, and resemble those of the “ autumn ” queens. When they 
have been feeding for about three weeks, during which time they have increased 
noticeably in weight (Table I), the ovarioles begin to swell until the rudiments 
of the ova may be seen between the growing groups of nurse cells. At this 
stage the queens begin searching for nesting sites. A little later they begin 
to gather pollen, and dissection at this stage shows the presence of several 
well developed eggs. 

It is thus apparent that whereas in workers the development of ovaries 
may occur without great delay, the ovaries of queens do not develop till after 
a hibernation period, followed by a period of active feeding. 

Table I shows tLe increase in weight of unparasitized “ spring ” queens of 
Bmnbus lucorum (L.) taken at Putney Heath, Surrey, in 1947. 

Table 1— Weight Increase in “ Spring ” Queens of B. lucormn. 


Date, 


Nuinbor of 
speoimeiiH. 

Average 
weight (mg.). 

Weight 
ratige (mg.). 

ll.iv.47 


3 

384*3 

339-430 

15.iv.47 


13 

446-2 . ‘ 

368-534 

16.iv.47 


11 

428-7 

380-499 

24.iv.47 


14 

444-8 

315-511 

iv-7.v.47 


b 

49.S-0 

401-609 


(b) Temperatures in Nests. 

The work of Lindhard (1912), Himmer (i9‘lll), and Nielsen (1938), has 
provided data on nest tenqieratures. During the present work, temperature 
records have been kept for both underground and surface-nesting species. 

In the incipient stages both types of nest are very susceptible to changes in 
external temperatures, but in surface nests there is in addition the effect of 
direct sunlight and wind. In the early stages of all nests temperatures tend 
to fluctuate between 20 and 25 deg. C., and are several degrees above external 
temperatures. As nests become more populous and the amount of brood 
increases, higher and more stable (especially in underground nests) tempera- 
tures are maintained. At the climax of colonial development when sexual 
brood is present, temperatures of between 30 and 34 deg. 0. are recorded. 

Doubtless these higher temperatures provide optimum conditions for the 
work and growth of the colony, and are accompanying factors of a develop- 
mental state and necessary for queen production. 

(c) Larval Nutrition. 

Differences in methods of nutrition during the life of the individual larva 
seem to be for the most part specific rather than associated with the develop- 
ment of the type of individual. 
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In some species egg-chambers are always “ primed ’’ with bee-bread, 
whereas in others only the initial egg group of the queen is “ primed.’* 

Two methods of larval nutrition subsequent to those in the initial egg- 
chamber were recognized by Sladen in 1898, when he divided English species 
into “pouch-makers” (changed to “pocket-makers” 1912) and “pollen- 
storers.” 

In the “ pocket-makers ” an opening is made in the wax beneath or at the 
side of the larval group, and this is plugged with bee-bread. As the larval 
group grows, and the wax above is spread to accommodate the growing 
“ morula,” we find the larvae eventually resting on or alongside a bed of bee- 
bread, on which they are observed to feed. In addition to this store of food, 
workers break the wax and feed the larvae with a regurgitated mixture of 
pollen and honey. According to Plath (1934), this “ pocket-making ” habit is 
lost in some speciies amongst the later brood (male and queen), which are fed 
purely by regurgitation. In Bombu,s agrorum (F.) the pocket-making ” 
habit persists for all broods. 

In the “ pollen-storers ” the larvae are in the equivalent stages, fed only 
by rupture of the wax envelope and the addition of food materials in the form 
of a regurgitated mixture which contains pollen and honey. 

As will be shown later, this division of Sladen’s is a very important one. 


(d) Patasites. 

Parasites affect both the individual and the colony as a whole, and both 
brood and adult parasites are common. Nests which are heavily parasitized 
may not develop normally, and this fact has to be taken into account when 
considering the life of the colony. 

Several writers have been puzzled by the appearance in summer of searching 
queens which should have founded colonies much earlier. The dissection of 
these almost invariably shows that they are old individuals parasitized by the 
Nematode worm Spltaernlaria bombi Dul*., and not queens of the new generation. 

Perhaps the most important parasite to be considered is tlie Tachinid fly 
BracJiycotm devia (Fall.), which is responsible for a very heavy toll amongst 
humble-bee populations, and is probably mainly responsible for the premature 
death of many colonies. Such heavily infected colonies cannot be considered 
as normal. But even in large and prosperous queen-producing colonies this 
parasite may account for over 100 pupae. It is usual for nests to have some 
degree of parasitization, but heavy infection must undoubtedly have its effect 
on brood/worker ratios, etc. 

Conopid parasites have provided evidence of a foraging caste. Adult 
(Jonopid flies lay their eggs in the abdomens of foraging workers, where the 
larvae grow and (jonsume the contents, idtunately pupating in situ. On fine 
sunny days when the nest is active, if samples of ' nurse ” bees and “ foragers ” 
are dissected, it will often be found that numbers of foragers ” are parasitized, 
and there is no infection of the “ nurse ” bees. 

The parasitic humble-bee, Psiihyrm^ is of considerable interest in cormec- 
tion with the problem of caste production, for no workers are produced. Small 
female individuals of some species of this parasite are occasionally found, 
however. It is assumed that the parasitic brood is only produced under 
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certain conditions in the nest. It may well be that in most cases the develop- 
ment of the ovaries of the Psithyrus queen is dependent upon a certain state of 
economy in the nest, and that subsequent brood is produced at reduced brood/ 
worker ratios. 

3. The Production of the Worker Caste. Population Changes 

AND Organization. 

(a) Mechanism of Production and Definition of the Worker Caste 

in Bombidab. 

No definite evidence has been found to alter the existing belief that the 
pix^ductioii of the worker caste is due to quantitative feeding in the larval 
stages. This condition has been described by Wheeler (1922), who writes as 
follows : ‘‘ Owing to the number of larvae which are reared simultaneously, 
especially during the earlier stages of colony formation, they are inadequately 
nourished and have to pupate as rather small individuals, with poorly developed 
ovaries. Such individuals therefore become workers. This inliibition of 
ovarial development, which has been called “ alimentary castration,” is main- 
tained during the adult life of most workers by the exigencies of the nursing 
instincts. The workers have to complete and care for the nest, forage for food, 
and distribute most of it among their larval sisters. All this exhausting labour 
on slender rations tends to keep them sterile. In other words “ nutricial 
castration ” (derived from nutrix, a nurse), to use Marchal’s terms, takes the 
place in the adult worker of alimentary castration, to which it was subjected 
during its larval period. It is only later in the development of the colony, 
when the number of workers and consequently also the amoimt of food brought 
in have considerably increased, and the labour of foraging and nest construction 
have correspondingly decreased for the individual worker, that the larvae can 
be more copiously fed and develop as fertile females or queens. At that season, 
too, some of the workers may develop their ovaries, l)ut as the members of 
the worker caste are incapable of fecundation, they can lay only male-producing 
eggs. This . . . may suffice to explain the conditions in the social wasps 

and social bees.” 

Prison (1927) expresses the same idea as follows: “ . . . the increase 

in size of workers is correlated with conditions which suggest that the amount 
or quality of food is the factor which determines whether a female egg will 
produce small workers, large workers, or queens.” 

The most conclusive evidence supporting this belief* is seen in the following 
experiment described by Sladen in 1912. ‘'Development of Queen: 1 have 
succeeded in getting queens reared by B. latreillellus from eggs laid early in 
the queen’s life in the following maimer : Two latreillellus nests, in which a 
few workers had already emerged from the first batch of cocoons, were joined 
together, and the queens and all the young larvae were removed, and also all 
the eggs except three. The larvae that hatcheil from these three eggs had 
thus about twenty workers to care for them exclusively, and they developed 
into females as large as queens. That they were really queens and not giant 
workers was shown by the fact that they paid no attention to the brood that 
was subsequently reared, and as soon as they were old enough to fly they left 
the nest for good.” 
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A more recent theory of caste differentiation indicated as possibly applying 
in the Bombidab has been put forward by Flanders (1942, ’46, ’46). This is 
based on the phenomenon of oosorption which is known to occur in some 
paradtic H 3 rmenoptera. 

Flanders (1946) advanced the hypothesis that the “ rate of egg deposition 
(in so far as it affects the nutrient content of the egg) determines caste differen- 
tiation. Although based on studies of parasitic Hymenoj)tera, this hypothesis 
may prove to be a suitable “ explanation ” for the sequence of castes of an 
Aculeate colony established by a single queen. The first brood always consists 
of small workers, those of succeeding broods gradually increase in size, and only 
after the largest workers have appeared are the queens and males produced.” 

The theory as applied to Bombm in the broad sense would be as follows. 
During the early stages of colony formation, and prior to male produc^tion, the 
eggs are retained for some time at the bases of the ovarioles before they are 
laid, during which time the process of oosoiption removes something from the 
eggs. This delay in oviposifcion assures that the eggs are fertilized so that 
they produce only females, and oosorption reduces the nutriment of the eggs, 
which results in the production of small females or workers. As the colony 
becomes larger this delay in oviposition is reduced, so that finally at the period 
of maximum oviposition rate eggs are laid without being fertilized and male 
brood is produced. At thi« time or later, when we must assume there is a 
fall in the rate of oviposition, fertilized eggs are again the majority, but these 
are laid at a rate which eliminates the effects of oosorj^tion. 

This is one of many unprov’-en theories which might be put forward as a 
possible explanation. Reynolds (1945) has shown that parental nutritiem 
produces effects on the rate of development of offspring in the floin* beetle, 
Tribolmm, The hypothesis that an increasing economy in the nest results in 
larger and better nourished eggs being laid later in the life of the colony is an 
example of such an alternative which might be put forward. Suc.h theories 
are extremely difficult to prove, and the attempt at experimental proof of some 
more simple explanation would, if such is available, seem to be the first step in 
tackling the problem. 

Flanders’ theory involves some features which would be rather difficult to 
explain both in Bombus and social vespids. His suggestions are again con- 
sidered in a later section. 

The present work has followed Wheeler and Sladen in assuming that there 
is no difference in the egg which produces queen and worker. An attempt has 
been made to elucidate the facts of larval nutrition, as this would appear to be 
the basic approach to the subject. The examination of other theories would 
come as a natural sequence to this. Haydak (1948) has shown the possibility 
that caste differentiation in Apis may be due to the quantity and not quality 
of larval food. 

In the present work it has been assumed that there is no difference in tht‘ 
egg which produces queen and worker. The question then is one of food, 
concerning type of food and quantity of food. 

The type of food has not been studied, so that the importance of such 
factors as the production of glandular secretions, the malaxation of eggs, and 
the proportions of honey and pollen, is not known, and in the future the 
significance of these may be shown. 



6 Dr. R. A. Cumber on the Biology of Humble-Bees 

When we consider tbe quantity of food, we must regard the mixture of honey, 
pollen and elaborated substances added as a food which does not vary greatly 
in its constitution throughout the life of the colony. 

If, as is generally supposed, it is the quantity of food which determines 
which shall be queen and which shall be worker, then it is of interest to study 
the brood, its nutrition, and changes in worker populations in nests, to see 
if any mechanism exists whereby greater amounts of food become available 
for the individual larva. 

In studying the quantity of food received we must consider conditions 
of the average larva and of the individual larva, for, as will be seen later, these 
latter may vary in the one nest at the same time. Conditions for the adult 
as well as for the larva must also be considered, but generally speaking, the 
conditions of one are the conditions of the other, and well-fed larvae will produce 
adults which emerge into a nest of plenty. 

(b) Method of Nutrition : Its Effect on the Size of Adult Individuals, 

One noticeable feature in any Bombus colony is the variation in size of the 
workers. This is not due to a mixture of old smaller, and young larger indi- 
viduals. This variation, which is obvious if one studies tne size of brood 
cocoons, persists until the time of production of males and queens. In this 
connection Sladen (1912) writes as follows: ‘‘A larva that happens to lie 
underneath a large number of others generally has to build its cocoon almost 
horizontally, so that the end through which the perfect bee will escape may 
be free. Such a larva often fails to obtain a suflicient supply of food, with the 
result that it does not grow to full size and develops into a small bee. In 
this way tiny workers— I have seen some no larger than a house-fly- -are 
sometimes produced, particularly in the nests of ‘ carder-bees,’ who do not 
feed their young wnth such care as the underground species.” 

The reason for variation in size of individuals will no doubt be found rather 
in a combination of factors than in a single factor. 

In the “ pocket-makers ” the larvae are fed on both bee-bread and a regur- 
gitated honey and ])ollen mixture, at least in the earlier stages of colonial 
development. The relationship of larva to bee-bread in the “ pocket-maker ” 
B. agronm is as follows : The bee-bread forms a mushroom ” or flattened 
cone of food which is always thicker at the centre than at its periphery, where it 
merges into the waxen envelope which covers the larvae lying on the upper 
surface of the “mushroom” (fig. 1). AlVhen the larvae have entered their 
4th instar they spin flimsy silken partitions (Sladen, 1912 ; Prison, 1928, 
’29, ’30a), which immobilize them and fix their positions relative to the other 
members of the group. This occurs early in the 4th instar and before the period 
of greatest growth. The more successful larval nutrition would seem to be 
partly dependent upon access to the bee-bread. Such access is often denied 
the peripheral larvae in the later stages of development owing to the decrease 
m the amount of bee-bread, the tendency of the workers to deposit it in the 
centre of the “ mushroom,” and also owing to the increase in size of tlie central 
larvae, w hich push the outer ones away from the basal food supply. The small 
cocoons of a single group are invariably peripheral, and these factors would 
appear to be at least partly responsible for this. 

The above may help to explain the variation in “ pocket-makers,” but it 
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does not explain the variation in species which do not share this mode of 
larval nutrition. 

Some time may elapse between the hatching of the first and last larva in 
any one egg group. This is probably due to the order of laying, but may 
also be affected by inherent differences in the egg. In any group of larvae 
where they can be recognized as such, usually two instars are present. The 
larvae are also quite active and mobile, and no doubt there is competition for 
feeding places until such time as they become immobilized by their external 
bulge in the wax and the inter-larval first-spun partitions. Although each 
larva is reputed to receive food by separate injection in its more advanced 
stages, collective competitive feeding amongst mobile larvae of different instars 
must undoubtedly pave the way for the ultimate variation in size. Uniformity 
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Fig. 1. — Cross section of a brood group from a nest of Bomhus agrorum (Fabr.) (“pocket- 
maker ”), showing the relationship of fourth instar lar\"ae with the bee-bread. 
A = external waxen co\oring ; n — laiva feeding on d ; c -- silken partition ; D ~ 
“ mushroom ” of bee-bread, 

of brood, when food is relatively scarce, will only occur, providing inherent 
differences in the egg are not great, where individual larvae are isolated from 
the earliest stages, as in social wasps. In Boynhun uniformity in size, or an 
approach to this condition, is more marked in the male and queen brood, 
which is produced at the climax of the colony. One of the normal features 
of such nests is the surplus food store. 

To summarize : ^’^ariation in size of workers is caused by possible inherent 
differences, collective and competitive feeding, and association of individuals 
of different instars. In one group of humble-bees, the “ pocket-makers,” the 
competitive feeding in some species is continued into the later stages of larval 
life. 

Fig. 2 shows the size variation in cocoon gi’oups from species of the pocket- 
making ” division where the original larval groups tend to remain distinct. 
In the “ pollen-storers ” the groups tend to separate, so that one cannot be 
certain that one is dealing with what was originally a single egg-group. 

(c) The Seasonal Variation in Size of Female hidimd^wls. 

The size of individuals has been measured, using adult weight, wing-length 
and pupal weight. 

Adult weight . — All individuals were weighed alive on an Oertling balance 
with readings to the nearest mg. Weight as a measure of size of the adult is. 
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however, subject to two obvious errors. Individuals are able to carry 30 % 
of their weight in corbicular pollen, so that it has been necessary to remove 
this prior to weighing. A considerable weight of honey is carried in the crop 
of some returning foraging bees. The correlation between weight and some 
constant such as wing-length is much higher if the foraging bees are not included. 



*’”*”'* *** derived from a sincle eee- 

9 vif 4 fi^ J- r'®”* * Bomima ruderarim (Mul) 

taJ^n H yu.46. 2. from a nest of Bornbus agrorum (Fabr.) taken on 19 viii 

on^7 v"47“ ‘he queen from a nest ot BomXnia agrwwn (Fabr.) tairen 


Measurements of wing-length were made on the left fore 

Tf* tip being measured 

aee!,™t f * ^ number of individuals cannot be measured 

accurately owmg to wear of wing tips. ‘«‘»urea 

PM;wi-«^Ate._Pupal-weights as an indication of the size of the adult 
are subject to error m that they do not take into account the loss of weight for 


Table II . — Weights (tng.) of Fenuile Bees in Nests of B. agroram (“ Pocket-makes ”). 

Xest Xo. .3 4 9 13 19 22 24 2.5 29 31 33 34 35 36 38 (ii) 39 (Hi) 

Date . 21.V 22.v 3.vi 10. vi 21.vi 28.vi 2.vii S.vii 24.vii O.viii IS.viii lo.viii 19.viii 22.viii 28.viii 3.ix 
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the particular stage of pupation, but a normal nest has pupae in all stages of 
development, so that the average weights of pupae in nests, considered amongst 
themselves, would seem to be of some value in assessing seasonal trends. 



3 

Fjo. — Avorago weight (mg.) of* female bees (excluding the original queen) in nests of 
Bombiis (igrorum (Fabr.) taken during 1946. 



Fto. 4. — Average wing-length (ram.) of female bees (excluding the original queen) in nests 
of Bonjbm agrormn (Fabr.) taken during 1946. 


(1) The '‘Pocket-Makers.’' 

During 1946 nests of B, agrorum were studied to obtain data. Table II 
shows the frequency distribution by weight of female bees, 6g. their average 
weight. Table III shows the frequency distribution by wing-length of all 
females, fig. 4 their average wing-length. (The original $ is not included in 
the above.) Table IV shows the frequency distribution by weight of female 
pupae, fig. 5 their average weight. 
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12 


Dr, R, A, Cumber on the Biology of Humbte-Bees 



DATE NEST TAKEN 

5 

Fiu. r». — Averapo wciplit (mp.) of f«inHlo pupao in nests of Howhus (ttjrorttm (Fabr.) taken 

• <luring 194(>. 


Table IV. — Pupal Weights {mg,) of Female Pupae in Nests ofB, agrorum 

PocJcH-maker ”). 


Nest 

3 

9 

13 

19 

24 

33 

38 

39 

40 

41 

Date 

21.V 

3.vi 

lO.vi 

21. VI 

2.vii 

13.viii 

28.vm 

3.)\ 

5.ix 

6jx,46 

No. adults 











(females) 

() 

(i 

16 

28 

68 

89 

124 

83 

12 

105 

60-80 

1 


3 

5 

1 

- 

- 


(1) 1 

<60 

81-100 

1 

1 

1 

1 

2 

(1) 

- 

(r>) 


— 

101-120 

1 


3 

4 

2 

1 (2) 

- 

(4) 



121-140 

1 


4 

8 

2 

(3) 

Ci) 

(16) 

- 


141-160 

4 

- 

5 

4 

3 

4 (4) 

(4-) 

(10) 

(2) 


161 180 

2 

- 

3 

4 

(> 

3 (2) 

(11) 

(29) 

(+) 

1 

181-200 

2 

1 

1 

1 

13 

3 

(10) 

(37) 

(2) 


201-220 

- 

2 


- 

11 

(2) 

1 (:») 

(71) 

(3) 

1 

221-240 



2 


7 

(1) 

1 

(63) 



241-260 

- 

1 

- 

- 

7 

1 

- 

(27) 

- 


261-280 




- 

- 

1 

3 

(») 


_ 

281-300 


- 


- 


-> 

1 


— 


301-320 

- 

- 

- 


- 

1 

3 

_ 


2 

321-340 

. 

- 

- 

- 

- 

- 

8 

2* 


3 

341-360 

- 


_ 

_ 

- 

2 

11 

8* 

_ 

3 

361-380 

- 


- 

_ 

- 

6 

17 

2* 


S 

381-400 


_ 

_ 

- 

- 


i) 

1* 


S 

401-420 

_ 



— 


4 

.12 



16 

421-440 


_ 

_ 

- 



2 

— 


18 

441-460 

- 


_ 


_ 



. 

__ 

17 

461-480 


- 


_ 






20 

481-500 

- 


— 

_ 

_ 

_ 

_ 


_ 

7 

501-520 


_ 

__ 

_ 

- 

_ 




1 

521 540 



_ 

_ 

_ 

_ 


. 




* rnornerped callows.' Males in brackets. 


(ii) The “ Pollen-stiyrersN 

During 1947 nests of B. lucorum were studied. Table V shows the frequency 
distributions by weight of adult females and female pupae. Table VI shows 
the frequency distribution by wing-length of female individuals. 
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Table V. — Weights {mg.) of Female Bees and Female Pupae from 
Nests of B. lucorum (“ Pollen-storer ”). 


Adults. Pupae, 

A 


Nest No. 
Date 

Av. weight of 

55 


10 

13.vi 

138 0 

3 

16.vi 

146-3 

16 

20.vi 

189-7 

25 

26.vi 

159 6 

64 

16.vii 

158 0 

3 

16.vi 

15 

20.vi 

64 

lO.vii 

40-‘60 


— 

— 





4 



__ 


01-80 


4 

1 

1 

1 

9 







81-100 


3 

2 

2 

3 

16 





101-120 


2 

7 

4 

3 

20 

3 

2 



121-140 


1 

3 

6 

3 

27 

3 

__ 


141-160 


2 

8 

7 

3 

24 

5 

3 



161-180 


2 

2 

14 

4 

26 

7 

3 

_ 

181-200 


3 

6 

12 

4 

25 

10 

1 


201-220 


3 

1 

11 

1 

10 

9 

3 



221-240 



— 

9 

1 

14 

3 

5 



241-260 


- 


7 


4 

S 

2 

. - 

261-280 


- 


3 

— 

() 


() 


281-300 




1 



— 

2 



301-320 


- 

— 


— 

2 

- 

2 


321-340 




— 

__ 



1 

_ 

341-360 



— 

1 

— 

— 







361-380 



— 

, — 

— 

_ 

- 



381-400 


— 

- 



- — 

. — 



401-420 


— 

- 

_ - 

- 



— 

_ 

421-440 


- 

— 

- 

- 

_ 



_ 


441-460 


— 


- 



— 


- - 

461-480 


- 

-- 

— 


1 

- _ 




481-500 


— 

— 


— 

9 

— 



501-520 


— 



_ 

8 

— 



521-540 


— 


— 

1 

11 

— 

_ 

. - 

541-560 


— 



3 

11 

— 

— 

- 

561 580 


— 

- 

- 

.) 

3 

— 

- 


581 600 


— 

— 

-- 

- 

1 




601-620 



— . 

- 


2 

— 

— 


621 -640 


— 


— 


3 



•> 

641-660 



— 

_ 


1 



1 

661 680 


— 

— 

— 


— 

-- 

— 

4 

681-700 


- 




1 

. _ 


() 

701-720 


— 

- 

- 

— 




11 

721-740 


_ . 


_ 


- 

— 



741-760 


— 


-- 



- 

- 


761 -780 


- 





- 


3 

>780 


-- 



- 




- - 


Analyms oj Data on Hemonol Vunofton, 

“ Pocket-makers.” 

The study of the seasonal variation of female individuals in nests oi' II, 
ayrarum using adult weight, wing-length and pupal weight as ineasm'es of size, 
shows that the average size of the individuals falls slightly from the first emer- 
gence during the middle of May till the se<*;ond week in August, when there is 
a sudden rise marking the onset of queen production. In this species, the 
production of queens is not the result of a gradual increase in the average size 
of workers such as has been claimed by writers for other species, although 
there may be a tendency for some workers to be larger as the season progresses. 
The factors responsible for this sudden change to queen production would not 
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Table VI. — Wing-lengths (mm.) of Female Bees in Nests ofB. lucorum 

(“ Pollm-storer ”). 


Nest No. 

3 

15 

26 

64 

Date 

IH.vi 

20.vi 

25. vi 

16.vii.47 

No. adults . 

30 

75 

29 

227 

« 75 

— 

— 

— 

— 

7 25 



— 

— 

4 

7 75 

1 

1 

1 

9 

H-25 

__ 


1 

6 

8-76 

1 

2 

1 

11 

9 25 

3 

- 

1 

9 

9 76 

5 

1 

2 

9 

10 25 

1 

5 

3 

11 

10 75 

4 

3 

1 

10 

11 26 

10 

2 

2 

17 

11 76 

4 

8 

2 

26 

12 25 . 

1 

15 

8 

28 

12 76 

- 

17 

1 

17 

13-25 

— 

15 

— 

12 

13 76 

— 

6 

— 

4 

14 26 

— 

__ 


— 

14 75 


— 

— 

— 

16-26 

— 

— 

— 

1 

16*75 

~ - 


— 

9 

16 25 

— 

— 

— 

39 

16-76 


- 

2 

5 

17-26 

— 

- 

3 

- 

17-76 

18 25 

— 

— ■ 

1 

— 


on the surface appear (*,aj)able of any simple explanation such as a gradual 
change in the economy of the colony. 

Since the seasonal picture is not one of gradual increase in the average size 
of workers, it is of interest to determine what changes do take place in the 
worker population prior to the production of the sexual forms. For this purpose 


Table YU. -Wmg-le7igth Data from Nests of B. agrorum. 





Number 

Average 



Nest 

Oate. 


vacated VV.L. (mm.) 

(T. 

V. 

No. 


taken. 

cocoons. 





. 21.v.4() 

6 

7 . 

10-15 . 

-7349 . 

7-24 

4 

. 22.V.46 . 

6 

11 

10-00 . 

-7483 . 

7-48 

!t 

^^.vi.46 

6 

. 19 . 

10-66 . 

-6481 . 

6-08 

1» 

U) . VI . 46 

16 

. 36 

9-69 . 

1-3856 . 

14-30 

19 

. 21.vi.46 

26 

74 

10-07 . 

1 - 1832 . 

11-77 

22 

. 28.vi.46 

7 

. 25 • . 

9-39 . 

1-1832 . 

12-23 

24 

2.vii.46 . 

65 

. 125 . 

9-61 . 

1-4177 . 

14-78 

26 

8.vii.46 . 

26 

. 86 . 

9-28 . 

1-4832 . 

15-89 

29 

. 24 . vii . 46 . 

8 

. 52 . 

10-12 . 

-9487 . 

10-12 

31 

. 6.viii.46 . 

107 

. 234 . 

9- 12 . 

1-3565 . 

14-74 


Numboi* vacated 


Number 


Average 



cocoons. 


of nests. 


a. 



0-20 

, 

3 


-7104 



21-40 

, 

2 


1-2844 



41-80 

, 

2 

, 

1-0669 



>80 

, 

3 

, 

1-4191 
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the stage of development of the nest is based on the number of vacated cocoons 
and the number of workers present. 

Table VII shows wing-length data, Table VIII data on pupal weights for 
nests of different sizes, with analyses of these. 


Table VIII . — Pupal Weight Data from Nests o/B. agrorum. 


Nest No. 

Date. 

55 

Vaoated 

ooooons. 

Average 

weight 

(T. 





(mg.) pupae. 


3 

. 21.V.46 

5 

7 

148-4 

31-83 

9 

3.vi.46 

6 

19 

188-2 . 

61-33 

13 

. 10.vi.46 

16 

36 

139-0 . 

44-03 

19 

21.vi.46 

26 

74 

125-6 . 

106-30 

24 

2.vii.46 

65 

. 125 

191-5 

42-27 


Number of vaoated 


Number 

Average 



ooooons. 


of nests. 

o. 



1-20 


2 

46-58 



>20 

• 

3 

64-20 



Although it is by no means proved that individuals of the first two brood 
groups (0-20 vacated cocoons) are less variable than subsequent individuals, 
it is shown that surviving individuals of the first two brood batches are less 
Variable (P < *01), The variation in the size of female pupae from nests 
shows less variation where there are fewer than 20 vacated cocoons, but data 
are insufficient for statistical significance. These first two broods are nourished 
mainly by the queen, which may ac/Coimtfor their less variable size ; the com- 
bination of (][ueen and worker foraging may be more efficient than the first 
stages of the nutrition of larvae solely by workers. There is also the question 
of numbers of individuals in these early brood batches. 

If some larger workers are produced as the nests increase in size and the 
average size of workers does not increase, then there must be an increase in 
the numbers of smaller individuals. It is possible that the temperature and 
general economy of the nest may govern the size of surviving individuals. 
Table IX shows the percentage of workers with a wing-length of less than 
9*5 mm., and the average wing-length in nests of different sizes as indicated 
by the numbers of workers present. This confirms an increase in numbers of 
smaller individuals as the season progresses. 


Table IX. — Winy-length less than 


Number 
of 55 
in nest. 

Number of 
nests. 

0-10 

5 

11-20 

1 

21-40 

2 

41-8(; 

1 

>81 

i 


5 mm, m Nests of B. agrorum. 

Peroentage 

Average 

W.L. 

W.L. 

<95 mm. 

(inin.). 

15*5 

10* Ob 

25-0 

9-69 

32-5 

9-67 

43-0 

9-51 

58-0 

9-12 
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Thus during the expansion of the colony it would appear that food balance 
in the nest is even more precarious than in the earliest stages of colonial develop- 
ment and that such a condition tends to increase the numbers of small indi- 
viduals, but the development of a small number of large workers occurs. 

Pollen-storers.’^ 

Data from nests of ‘‘ pollen-storers ” are insufficient for analysis on the 
same scale as in the ‘‘ pocket-makers.” The study of the seasonal variation 
of adult females in nests of J?. lucorum shows, however, that although the average 
weight of workers in queen-producing nests is higher than in nests not producing 
queens, the difference is not statistically significant. 

The seasonal variation would appear to be similar to that shown in the 
pocket-making ” species B, agrcmim, i.e. there is no seasonal increase in the 
average size of workers, although some larger individuals and an increased 
number of smaller individuals are produced later in the season. 

It is obvious in this “ pollen-storing ” species that there is no question of a 
gradual increase in size of workers, with an ultimate mergence with queen 
production. 

(d) A Division of Labour. 

(i) “ Nwse-bees ” and ‘‘ Foragers'^ 

The economy in a colony may be increased not only by an increase in 
available labour, but also by division of labour. For example, it is doubtless 
more economical that larger individuals should forage, and that the smaller 
ones should do the housework.” ('^oville (1890) was one of the first investi- 
gators to hint at such a division of labour. He writes as follows concerning* 
the “ pocket-maker,” B, borealis Kirby : The y>recise functions of the 

different-sized workers were not evident, but in general the larger ones att(»nded 
to the mending of the grass covering of the nest and to the l>ringing in ol* honey, 
while the smaller ones for the most part did the inside ‘ housework,’ the wax 
patching, and the nursing described below. The nursing, indeed, was never 
done, so far as was observed, by a large or even a medium-sized bee.” 

Richards (1946) recognized this division of labour into larger foragers an<l 
smaller individuals which remained in the nest. He writes : “ The analysis 
of workers (dearly shows that th(‘ fnv^her workers are larger, suggesting a pro- 
gressive change uith the develo]:)ment of the (jolony. This is best shown jn 
those captured in the nest. The foragers, on trie other hand, are larger indi- 
viduals, and the data suggests a division of labour. The smaller workers, whicJi 
arc quite common in the*, imsf, resemble foraging workers of the first brood, hut 
later in tlie season they probably devote themselves mainly to nursing and nest 
construction ” {B, agrorum). 

For the purpcjse of obtaining data on the division of labour, worker bees 
have been (lividc'd into two groups, namely “ nurse-bees ” and foragers.” 
Those bees whicb are taken in the nest have been classed as “ nurse-bees,” and 
those which return to the nest site have been called “foragers.” Some 
foragers ” which happen to be in the nest will be included with the ““ nurse- 
bees,” and escaping “ nurse-bees ” will be classed as ““ foragers.” Success in 
the determination of the significance if this division of labour is thus dependent 
upon weather conditions and upon the success with which the nest is taken. 
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During 1946 it was found that the use of wing-length, hamuli number, and 
weight as measures of size, all provided significant evidence of a division of 
labour. However, in view of the fact that no new information was obtained 
from the study of the hamuli number, and that weight measurements are 
subjected to considerable error unless there is a standardization of feeding 
conditions, only wing-length data are submitted here as evidence for this division 
of labour. 

The wing-length of “ nurse-bees ” and foragers ” has been measured in 
nests belonging to both pocket-makers and “ polleii-storers.” 


Data from ‘‘ Pocket-makers.” 

Table X shows the average wing-length of “ nurse-bees ” and foragers ” 
taken from nests of B, agrormn during 1946. The difference in nests 33 -36, 41 , 
shows significance (<P- 01). The dilference in average size of these two groups 
of workers is seen to be larger in nests producing males and queens. 


Table X. -W rng4eugths [mm.) of “ Nurse-bees ” and “ Foragers ” in Nests of 
B. agrorum (“ Pocket- maker ”). 


Nest No. 

11) 

24 

25 

31 

33* 

34* 

35* 

3(i* 

41* 

Date . 

2\.\\ 

2.vii 

S.vii 

O.viii 

13.viii 

15.viii 

lO.viii 

22.viii 

O.ix 

Average W.L. of 

(2(>) 

((>0) 

(28) 

(111) 

(130) 

(81) 

(17) 

(147) 

(112) 

all 

10 07 

0 51 

0 28 

9 12 

11 03 

11 04 

10 93 

10 16 

10 59 

Average A\^L. of 
“ nurse-boc^s ’ 

m 

(43) 

(25) 

(91) 

(37) 

(51) 

(0) 

(03) 

(80) 

1) 0.5 

0 23 

0 21 

8 97 

10 28 

10 70 

10 25 

9 71 

10 24 

Average WM-.. o( . 

“ foragers ' 

(b) 

(23) 

(3) 

(20) 

(23) 

(30) 

(8) 

(54) 

(32) 

10 41 

10 30 

0 90 

9 85 

12 25 

11 00 

11 09 

10-93 

11*47 


^ Nests producing queens. 
Xuiabor of specimens shown in brackets. 


Data from “ Pollen-storers.” 

Tabh? XI shows the average wing-length of “ nurse-bees ” and “ foragers ” 
in nests of bees belonging to the “ pollen -storcrs ” taken during 1947. The 
division of labour is shown to be significant in nests of B. lucorum and B. 
terrestris (P<'()1) in nest 64 and ncvst 49. 


Table XI.- Wing-lengths (mm.) of “ Nurse-bees ” and Foragers ” in Nests of 


Nest No. 

Date . 

Species 

3 

16. VI 

lucorum 

the “ 

15 

20.VI 

lucorum 

Pollen-storers.^ ^ 

35* 25* 

23.VI 25.\i 

pratorum lucorum 

64* 71* 

17.vii 22.vii 

lucorum lapidurius 

49* 

31.vii 

terrestris 

Average W.L. of , 

(30) 

(75) 

(41) 

(31) 

(173) 

(42) 

(83) 

all 

. 10 60 

12 23 

9 73 

11 15 

11 02 

10 65 

12 30 

Average W.L. of , 

(22) 

(68) 

(20) 

(23) 

(96) 

(65) 

(52) 

nurse-bees ’’ 

10 48 

12 2J 

9 40 

10 95 

10 42 

10*72 

11 44 

Average W.L. of . 

(8) 

(7) 

(21) 

(8) 

(77) 

(77) 

(31) 

“ foragers ” 

10 94 

12 .39 

10 04 

II 63 

11*78 

10 60 

13 75 


* Ne\st.s producing (jueens. 

Number of sjieeiinens sboun in bi’ackots. 

TEANS. K. ENT. SOO. LONl). lOO. PART I. (MAR. 1949.) 
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This division of labour is thus shown to be a significant phenomenon. 
Its significance is dependent upon variation in the size of the worker individuals, 
and is more easily shown at the climax of nests. It may also occur in younger 
nests, but here significance is more difficult to obtain on account of the 
smaller number of bees, and in addition, it has been shown that there is less 
variation in the size of workers in newly founded nests of some species. 

The smallest workers often have malformed wings so that they are forced 
to remain in the nest. It is probable, however, that a large number of small 
individuals rarely leave the nest. In the earliest stages of colonial development 
and during the stage of dying out these smaller workers are often forced to 
forage, so that one does occasionally see these tiny individuals on flowers. 

Further evidence for this division of labour is provided by records of para- 
sitization by Conopid flies which attack workers while foraging. 


(ii) A Further Division of the “ Foragers'" 

Just as size has rendered smaller individuals of use in nursing — they are 
able to move more readily through the intricate galleries of the nest — size of 
the bees also governs their ability to reach the nectaries of different flowers, for 
a close correlation exists between length of tongue and size of bee. Table XII 
I)rovides evidence that different sized “ foragers ” tend to visit flowers of 
different species where these are found growing in the same neighbourhood. 
Figures are in mif^rometer eye-piece units— 1 rnro. = 140 units — and refer to 
raentum lengths. 

Tt might be said that a further division of labour may occur in the “ nurse- 
bees where some of these have commenced laying eggs. 


(e) The Development of Ovanes in Workers, 

Undei’ certain conditions the ovaries of workers may develop. The eggs 
laid are ])resunied to l)e haj^loid. and individuals produced from these eggs are 
ii.})parently normal males. 

Some evidence of the factors inducing such ovarial development has been 
(H)llected. 

It is convenient to have some method of measuring ovarial development 
on a numerical basis. The ovarioles of Bombus are polytrophic. If a succession 
of eggs is followed upwards from the base of the ovariole, a well-defined point is 
reached where the size of the egg ajiproximates to that of the group of nurs(‘ 
cells adjacent to it. In aqueous dissections the ova are readily distinguishable 
from the nurse-cell groups by their more opaque appearance. This distinction 
is not readily observable in alcoholic dissections. 

The sum-total of eggs in ovaries which are the same size or larger than the 
overlying nurse group gives a numerical estimate of the extent of ovarial 
development (fig. (>). This is the value indicated by ‘‘ Number of Eggs ” in 
tables following. 

Before ovarial development has reached a stage which we can measure 
by the above method an earlier stage may be recognized, and this can be 
described as a “ filling-out ’’ of the ovariole. 
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Table XllI summarizes data from the dissection ot worker-bees in nests 
of the different species which were taken during 1946, 1947. Table XIV 
summarizes data from the dissection of workers taken while foraging (1946). 
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Tablk XIA ^ — DevelopmeAit of Ovaries in Woders taken Foraging, 1946. 
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Certain facts become evident from the study of the above tables. The 
life of the normal colony niay be divided into two periods, that before, and 
that after the laying of the eggs whi(*h produce sexual forms. During the earlioi’ 


Table XIII . — Developineni of Ovaries in Workers from Nests taken during 1946-47. 
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period there is no ovarial development in workers providing the original queen 
is present. If, however, the queen dies during this period, a number of workers 
will commence laying, and in this way males are often produced much earlier 
than in the normal nest. During the later period of colonial development, if 
we exclude the period of dying out, the death of the original queen will also 
result in egg-laying by workers. This may occur on quite a large scale, when 
egg-chambers are sometimes unusually large and may contain over forty eggs, 
indicating that they are used by several workers. But it is apparent that 
workers may commence laying quite early during the second period, even in 
the presence of the original queen. This has been shown to occur in B, lucorum, 
B. terrestris, and to a lesser extent in B. hortorum and B. agrorum^ where 
dissection of the original queen showed that she was still laying at a moderate 
rate, and there is no reason to suppose that males are not sometimes produced 
in this manner. 

It is thus seen that in all stages of colonial development the death or removal 
of the queen will initiate egg-laying in workers. In the presence of the queen, 
this habit will only occur in the later stages of colonial development. 

A somewhat similar state is known to exist in social wasps of the genus 
Polistes. Pardi (1942) has shown that the factors governing the development 
of ovaries in workers are quite complex. Here the phenomenon is not depen- 
dent solely on. size of the worker, but rather on a combination of age and size. 
It has been found that in Bombus it is usually the middle-sized or smaller 
individuals which develop ovaries. This may be due to the fact that the 
smaller bees, through a division of labour, stay in the nest, and also live longer. 
But the explanation may not be as simple as this, for in J?. hipidarim the 
tendency is rather for the larger workers to commence laying, but this is the 
only species in which this has been observed. 

Deleurance (1946) has claimed that a psychological relationship exists 
between queen and worker in Polistes, and the same might well apply in Bombus, 
t \voiild thus appear that later in the life of the colony, either due to increase 
in size of the nest, or to a lessening of ovarial activity and an increasing debility 
of the queen, this ])sychological relationship is relaxed. 

Ihe fact that there may be no egg-laying in workers m nests where there is 
a. considerable reserve of food, indicates that ovarial development in workers is 
not primarily dependent upon the relaxing of the conditions of nutricial 
castration.” 

4. The Pkoduotion op Queens. 

(a) Differemces hetue^M Qi^een and Worhet . 

( i ) uciural Differences, 

In Bmtihm there are no marked structural differences between queen and 
worker such as are found in the other genera of the Apoidea which have well- 
developed social habits. In a few species of Botnbus, however, there are 
certain colour differences, and these are usually more marked early in the life 
ot the colony In B. lerrestris the pile on the last few segments of the abdomen 
m workers m tie first brood is almost white, whereas that of the queen is a 
delmte buff colour, so tliat it is difficult to separate the workers from those of 
B. lucomm. A careful examination, however, will show the presence of a thin 
band ot buff-coloured hairs between the white ones ana the black ones. Later 
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in the season, however, the colour (especially in the larger workers) comes to 
resemble that of the queen. Plath (1934) records colour differences for queen 
and worker of another “ pollen-storing ” species, B. affinis Orcsson. 

(ii) Size. 

Generally speaking, the queen is larger and heavier than the worker. In 
the “ pollen -storing ’’ division this is undoubtedly so. In the “ pocket-making ” 
division workers as large as fertilized individuals do sometimes occur in the one 
nest. It seems probable that there is less chance of such individuals hiber- 
nating successfully and founding colonies, and this is not a common occurrence. 

(iii) Fat'bodiea. 

Perhaps the most outstanding difference between (lueen and worker is the 
nature of the fat-bodies, and on this character it is quite easy to separate the 
two providing they are not callows. When the abdominal cavity is opened, 
one finds either the tightly packed, pure white fat-bodies such as may be 
seen in the hibernating queen, or the sparse yellowish fat-bodies of the typical 
worker. In the queen the abdominal organs tend to be hidden beneath this 
reserve material. It is easy to tell which is the original queen on the colour 
of the fat-bodies alone. These are still moderately developed, but they have 
taken on a brownish appearance, due to specks of a darker substance which 
are scattered between the cells. 

When the new queen emerges from its cocoon, its fat-bodies, like those of 
the worker callow, are not well formed, but couvsist of watery tissue with white 
spherical lumps scattered through the substance. During the first few days 
of emergence the queen callow feeds heavily, and the characteristic fat-bodies 
are soon formed. It appears that all individuals wdth these highly developed 
fat-bodies are capable of fertilization, even if the reverse is not always true. 

( iv) l%me of Frodiietion . 

The queens are produced late in the life of the normal colony. They may 
be produced as much as a month before the normal appearance should the 
untimely death of the original queen occur. In sub-arctic regions it is probable 
that on account of the reduced season this difference is not so marked, and the 
ratio of queens to workers (Richards, 1927) is high at all times. Once the 
main queen brood has been produced, there is no return to worker brood. 

(v) Fertilization. 

The queen is normally fertilized. Several hundred dissections of spring 
queens have shown 100% fertilization in Bombus. It is probable that the size 
factor is one rendering fertilization of the average worker impossible, but in 
the “pocket-making” species, where large workers are produced and there is 
a considerable variation in the size of males, the fertilization of workers does 
sometimes occur, as is seen in the following nest. 

On 26th June, 1947, a nest of B, hortorum which had been dug out by a 
badger was located. The nest material had been pulled together by the 
workers, but no brood was present. The original queen (572 mg.), one fertil- 
ized new queen (455 mg.), and nine workers (109-249 mg.) were present. The 
spermatheca of one worker (231 mg.) contained motile sperm. The fat-bodies 
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were typically those of a worker, and some of the other workers were of greater 
wing-length. 

In several species of Bombvs dark pigmented patches may be found at the 
base of the sting sheath in the queens. These are absent in workers and the 
unfertilized queens. They are caused by the armature of the male copulatory 
organ, and they are permanent. The species B. hortomm and B, pratorum 
show these copulatory scars very well, and it is possible to ascertain whether 
the queen has been fertilized by withdrawing the sting of the anaesthetized 
individual. 

(vi) Diapause and Hibermtion, 

It would appear that a period of diapause coinciding in part with hiber- 
nation is necessary before the queen may develop ovaries. The worker, 
however, may develop ovaries and lay male-producing eggs without any such 
delaying period. The queens of some species are produced at the height of 
summer in conditions ideal for nest-founding, but there is no evidence to show 
that two generations ever occur in the one year. Frison (1928) “ tried to induce 
young queens to lay eggs and start a colony the same season in which they were 
produced ’’ without success. 

(b) The Differentiation of Queen and Worker on a Biometric Basis. 

It has been stated (Frison, 1927 ; Plath, 1934) that a complete range of 
individuals from the smallest worker to the queen may be found in nests, so 
that at times it is difficult to tell whether one is dealing with a young queen 
or a large worker. This range has not, however, been examined statistically 
except (Richards, 1946) in the case of B. agnorum. 


Table XV. — Wing4engths {mm.) of Fe^mile Bees from Qmen-producing Nests. 
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If one uses some measure such as wing-length, and examines adults from 
nests of different species which are producing queens, then it will be found 
that the distinction between queen and worker based on size is quite marked 
in some species, but not clear cut in others ; and that it is only in some nests 
of the “ pocket-making division that there is any difficulty in making the 
distinction. This may be seen by reference to Table XV, which gives the 
frequency distribution by wing-length of female bees in queen-producing nests 
for members of both the ‘‘ pocket-making ” (1-3) and “ pollen-storing ” (4-9) 
divisions. In the ‘‘ pollen-storers,” individuals exceeding 1-3 times the 
average size of workers in the nest are queens. 

A differentiation of queen and worker has also been attempted using adult 
and pupal weight. Table XVl shows the frequency distribution by weight of 


Table XVI. — Weights (mg.) of Female Bees in Queen-producing Nests. 
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female adults in queen-producing nests of “ pocket-makers (1-10) and 
“ pollen-storers ” (11-18), Table XVII shows the frequency distribution by 
weight of female pupae in nests where both queens and worker pupae are 
present ('‘ pocket-makers ” 1 2, “ pollen-storers ” 3). 

From Tables XY, XVI and XVII it would appear that reports of a gradual 
transition from worker to queen refer for the most part to members of the 
“ pocket-making ” division. A member of this group, J5. agrorum, has been 
studied to determine the nature and cause of the transition, for it is obvious 
that the two extremes of the range represent two very different physiological 
types. Weight measures a physiological state, but its use is subject to error. 
The young bee is light for its size, whereas the forager returning to the nest 
with its crop full of honey, is relatively heavy. Weight can thus give the same 


Taulb XVII . — Weights (mg,) of Female Pupae in Qmen-producing Nests. 
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measure to two individuals of vastly different physiological make-up. It is, 
however, possible to reduce the effect of these two factors if the individuals 
we measure are isolated from the brood and are given the same feeding treat- 
ment. 

Nests which were at the climax of their development were taken. The 
adults were isolated from the brood in order that no more callows might join 
them, and food was supplied in the form of honey and pollen which had been 
gathered from other nests of the same species. Moderate temperatures (20-25 
deg. C.) were maintained duiing experiments. Under these conditions it was 
hoped that callows would develop normally, and that the effect of the honey in 
the crop of foragers would be reduced. It was also thought that the physio- 
logical make-up of queens and workers would show itself in the stationary 
position of the worker weight frequency distribution curve, and a corresponding 
shifting of the queen curve. It was realized that subsidiary factors, such as the 
state of health of the newly emerged queen and the presence of Conopid larvae 
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in the abdomen of large workers, might still result in a few intermediate indi- 
viduals of doubtful category. The conditions in each experiment vaiy, so 
each is described separately. 

Experiment 1 , — On 28 . viii.46 a nest of B. agrorum was taken. The original 
queen was present, and died during the experiment. All individuals were 
placed in jars together with comb containing honey, and surviving individuals 
were weighed on 2.ix.4(). By this date the supply of honey was exhausted. 
Fig. 7 shows the frequency distribution by weight of individuals before and 
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after the tr(*atment. It is obvious that there has been more mortality amongst 
workers than amongst queens. The average weight of the workers has altered 
little, but that of the queens has obviously increased. 

ExperimeM 2. — A nest of B. agrorum was taken on »‘^.ix.46. The original 
queen was missing and workers w ere laying. Brood was all male except for 
13 unemerged queen callows. Adults included 46 workers, 38 queens and 
11 males. All female adults were placed in jars with honey and pollen, and 
surviving individuals were weighed on 9.ix.46. At this time there was still 
a surplus of honey and pollen. Food was removed, and a further weighing 
took place 24 hours later. Considerable mortality was associated with the 
experiment. Results are shown in Table XVITI, where the frequency distri- 
butions of weights for the three weighings are given. 

These experiments have shown that in the pocket-making ” species 
B. agrorum it is possible to widen the gap betw een the peaks of this bimodal 
frequency distribution of weight. But the intermediate values in the trough, 
which may be discontinuous at several places on account of the small size of 
the interval, show that there are still some individuals of doubtful position. 
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Tf, however, the individuals in doubt here are dissected, it is evident that 
we are concerned with two very different jdiysiological types. Those which 
are workers have the scanty light-yellow fat-bodies t 3 rpical of all workers, 
the queens have the white prolific fat-bodies, and the distinction in all cases 
could not be more striking. It is obvious that the queens here will be relatively 
heavier, and use of this fact may be made to obtain a further separation. 


Table XVllT. — Weights (mg,) of Fenutle Bees during Feeding Experiment, 
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Thus, if the frequency distribution of the values weight divided by wing-length 
is plotted for female adults in nests given the isolation and feeding treatment, 
a division on a physiological basis may be made. Fig. 8 shows such frequency 
distribution for two nests of B, agrorum. 

It is felt that this latter division is more satisfactory than one based on 
size alone. A few intermediate values still persist. Dissection of these, 
however, showed that some of the larger workers retained honey in the crop, 
and that the true division betw^een queen and worker (based on the appearance 
of the fat-bodies) occurred at the first zero point on the left of the queen 
peak. 
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(c) Brood Data in Nests Producing Queens, 

Brood data from nests which are in the process of changing* over from 
worker to xnale and queen brood, or in nests which have made this change, 
have been studied with a view to elucidating the facts of the change. This 
change-over may not necessarily be the same in different species of Bornbus, 
In the “ pocket-makers ” it is possible to arrange successive batches according 
to age, and to weigh the brood in such batches, so that some indication of brood 
changes can be shown ; but this cannot be done accurately in the ‘‘ pollen- 
storers.’’ 



8 

Fig. 8.— Frocjiumcy distribution of weight (mg.)/wing-length (rum.) ratio in two nests 
of Bowbvs ngraruw (Fabr.) given the feeding treatment. 

(i) Analyses in the “Pocket-making’^ Division. 

Nests at the Comnencement of Queen Brood. 

On 17.vi.4() a nest of B. hortornm was dug out from Um inches below a 
grass tuft. Adults present included the original queen (shown by dissection), 
2 new escaped, the other weighed 4(K^ mg.), 35 (81-220 mg,), and 

12 (100 178 mg,). The brood consisted of 9 batches of eggs totalling 45, 

25 1st instar, 18 2nd instar, 18 3rd instar, and J4 4tli instar larvae. There 
were 98 small cocoons containing male pu])ae and prepupae, and 1 small (worker) 
and 1 large (queen) cocoon containing female pupae. TIktc were 94 small 
(worker and male) vacated cocoons and 1 large (queen) vacated (jocoons. 
All the 4th instar larvae and the pre])U])ae were too small to indicate the 
presencie of any further queen brood. The nest had produced five queens (the 
size of the large cocoons made this very evident) and had returned to male 
brood. The dissection of the queen showed well-developed ovaries. AA^orkers 
were not dissected to ascertain if these were laying. 

It was easy to trace the cocoon groups from which these early queens had 
emerged. These were two in number. The first was a group of 20 empty 
cocoons (8 now containing honey), and comprised 4 large queen and 16 small 
male or worker cocoons. The second was a group of 13 cocoons. Ten small 
(iocoons were vacated, but the remaining four contained pupae, 2 male, 1 worker 
and 1 queen. This group shows that durin" the production of the first queens 
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it* is almost certain that eggs which will give rise to queen, worker and male 
are laid together in the one egg chamber, or at least in chambers so close that 
the brood subsequently intermingles. 

On 2.vii.46 a nest of B, agrorum was taken and evidence of the earliest 
queen production was found. The nest contained the original $ and 68 
and none of the latter showed any ovarial development. All of the 54 pupae 
in the nest were female (65 -247 mg.). The weights (mg.) of prepupae and 
4th instar larvae in their groups were as follows : 

Group A. Pupae: 243/181/244/186. Prepupae: 299/252/275/265/241/230. 
Group B. Defaecating and spinning larvae: 166/308/402/249/347/228/293/ 
255/337/239/227/191/168/227. 

Group C. Defaecating and spinning larvae : 151/190/109/236/109/106/88/84/ 
106/178/167/144/116/96. 

Group D. 4th insbar larvae : 95/103/89/121/100/95/110/93/55/100/108/120/ 
96. 

Group A has typical weights for worker pupae ; Group B weights indicate the 
presence of some queens, and it is here that the change-over is taking place. 
Unfortunately the sex of these larvae is not known, but the fact that the larvae 
of Group C, which is the same size as Group B, have finished feeding, and none 
approaches queen larva weights such as seen inC, indicates, but does not prove, 
that there has been a change to male brood. In any case it is obvious that a 
stage where queen production was possible was reached, and this was suddenly 
curtailed, either by a return to worker brood, by a change to male brood, or 
a combination of the two. 

The Change from the First Appearance of Queen Brood to Purely Queen Brood. 

On i3.viii.46 a nest of B. agrorum was taken from the side of a grassy 
clump. The original queen was present (shown by dissection). Adults 
included 60 (48- 237 mg.) ; 5 (263-333 mg.) and 21 The new queens 

were not fertilized, but their fat-bodies showed that they were undoubtedly 
queens, l)elonging no doubt to the initial change-over group or groups. The 
weights (mg.) in the brood groups for the different sexes (where this is possible), 
arranged beginning with the oldest group, w^ere as follows : 

Group A. Pupae with pigmented integument : 
ejej 124/104/148/136/124/103/141. 

166/188/188/236/243. 

Group B. Pupae with pigmented integument : 145/168/169. 

„ white integument and black eyes : 
and ?? 122/165/110/275/318/172/154/291/345/283. 

Group C. Pupae non-pigmented but with black eyes : 83/153, 

„ „ „ „ 130/136/143/145/ 

145/193/221. 

Group D. Pupae non-pigmented but with black eyes : cJ 228. 

„ „ „ „ $$ 369/409/412/354/367. 

Group E. Pupae non-pigmented but with pink eyes : 213/213. 

„ „ „ „ 407/420/363/377/ 

377/373. 

Group F. Prepupae: 427/420/445/265/231/260/210/175/149/172/220. 4tb 
instar larva 119. 
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Group 6. Prepupae: 317/350/294/326/340/241/218/202/211/145/102/86. 
Group H. 4th instar larvae : 473/419/462/382/382/353. 

Group I. 4th instar larvae; 444/442/472/363/506/284/647/435/405/346/346/ 
316/278. 

This nest illustrates admirably the change-over from initial queen pro- 
duction to a purely queen brood. Several facts may be noted. The change- 
over here is quite a gradual one, and extends tlirough at least seven larval 
groups. Female individuals of the size and weight of queens, and males are 
present in the nest. In the oldest group of pupae (A) we have a mixture of 
workers and males. In the next group (B) there is a mixture of males, workers 
and queens. The next group (C) contains males and workers ; then comes a 
group of males and queens. Two groups of prepupae showing weights indicative 
of male and queen brood follow, then come two groups of 4th instar larvae 
which are undoubtedly queen brood. 

In this data there appears to be some indication that during the change- 
over from male and worker brood to queen brood, female larvae in smaller 
larval groups are more liable to be heavier and therefore (jueens. This is seen 
in groups D, E and H. It is fairly evident, too, that group C is the last one in 
which workers will be produced, but in any case G is certainly the last worker- 
producing group. At this point the economy of the colony is such that all 
female individuals are reared to queen size. 

The Climax Brood of the Normal Colony. 

At the climax of the colony the brood is all female, and the size of indi- 
viduals shows that it is purely queen brood except for the occasional individual, 
which through some unfavourable circumstance is much reduced in size. 

On 6.ix.46 such a nest of B. agrorum was taken. The original queen was 
present. .4dults in the nest included 112 4<( 9$ ''■iid 3 Egg groups 

were 6/8/11/5/13, and a considerable amount of female brood was present. 
This has been summarized below to show the constant large size of the indi- 
viduals, and the relative rarity of small underfed individuals. 

Unemerged callows: 383/341/372/349/347/382. 

Pupae with pigmented integmnent : 420/400/421/363/344/322/426/413/452/ 
392/369/398/439/395/201/394/410/456/422/419/403/,387/351/387/362/37()/ 
402 /332/374/403/166/421 . 

Pupae with non-pigmented integument and black eyes : 313/407 /455/462/336/ 
421 /485 /377/349 /452 /444 /437 /382/455/408/439/477 /3] 8 /435/404 /376/450/ 
458/472/404/408/433/440/420/482/472/467/425/417/463/479/419/433/456/ 

481. 

Pupae with non-pigmented integument and brown eyes : 461/463/368/437/468/ 
457 /453/454 /426 /466 /463 /481 /437 /483/424/474/424 /443 /470. 

Pupae with non-pigmented integument and white eyes ; 479/472/493/467/494/ 
446 /487 /467/427 /414/502 /474 /451 /479/444. 

Prepupae : 469 /447 /476 /465 /459/451 /447 /478/453/396/423/403 /37 1 /476 /396 / 

379/482/391/466/479/446/430/270/385/445/349/296/197. 

4th Instar larvae ; 247/365/684/667/589/481 /259/246/481/493/31 8/635/464/508/ 
439/529/442, 
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The above nests throw some light on the process of changing over from 
worker to queen production in nests of species of the “ pocket-making ” division 
which were taken from the field. It is possible to describe such a change at 
least for B, agiorum. 

Firstly, it is obvious that both male and female-producing eggs are laid 
together and at the same time, and such laying together of eggs may persist 
for some period. The fact that normal sized workers and males emerge from 
one such l)atch of eggs proves that this association does not necessarily result 
in immediate advantage for the female-producing egg so associated. The fact, 
too, that queens and workers are produced from the one batch of eggs, com- 
monly in the earliest stages of queen production and occasionally at the later 
stage of pui‘e queen production, also points to there being only one kind of 
female-producing egg. Initially queens may be produced with males and 
workers, and then there may follow a return to male and worker brood before 
there is a change to purely queen brood. This shows that it is not a matter of 
time of laying which determines whether an egg shall develop into queen or 
worker. It would thus seem apparent that queen production is dependent 
upon a level of economy in the nest, and that male production tends to associate 
itself with the commencement of this stage of economy. Once males have been 
produced, should the economy of the colony fall, rather than return to pure 
worker production, the tendency is to mix female and male eggs. In this way 
large workers, queens and jriales are produced in the one group. Those female 
larvae which occupy the more favourable central positions in the group develop 
into queens, and the worker and male brood is peripheral. Eventually, however, 
the economy of the colony rises above this doubtful level, and male and queen 
brood emerges. Finally, the male brood is curtailed, and pure queen brood 
marks the climax of the colony. 


(ii) Analyses in the ‘‘Pollen-storing” Division. 

The examination of the brood at the change-over from worker to male and 
queen br(iod is not so instructive in this group of humble-bees, because the 
batches of larvae derived originally from single egg-chambers do not remain 
as distinct groups. 

The sex ratios of pupae and adults in queen-producing nests of “pollen- 
storers ” are given in Talile XIX. From the data it may be assumed tJiat in 
this gi’oiqi of species the male and queen brood are produced at the same time. 
There is no evidence that queens are produced before or without males having 
been produced in nests where the original queen is still alive. 


Tablk XTX.- Pupal Bu)od in Nests of^' Pollen-store? sP 


Spdciep. Date. 


B. pratormn . 5 . iv . 46 . 

„ . 22.V.46 . 

B. lucorum . 1 7 . vii . 47 . 
B. lapidarius . 19 . vii . 47 . 
B. terrestris . 31. vii. 47. 
„ . 6.viii.47 . 


N tm-pigmoi ito( I Pigmented 
pupae. pupae. 



- 10 14 — 2 7 16 1 6 

13 17 2 15 1 — 56 — — 

- 6 66 — 32 46 186 63 5 

- 2 30 — 3 19 143 13 6 

- — 1 — 2 1 92 11 - 

4 11 48 28 - 8 120 - — 


Original 

queen. 

Dead 

+ 

+ 

+ 

+ 
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(d) Possible Factors in Queen ProAuction. 

(i) The Brood jWorJcer Ratio, 

In this connection Richards (1946) has written : “ It is usually supposed 
that the development of males and queens at the end of the nest-cycle is due 
to an increase in workers which makes it possible to feed the larvae more 
lavishly. No one, however, appears to have studied the larva/worker ratio, 
though a record of its changes during the season would seem to bear on the 
hypothesis. In the present nest (B. agrorum) the ratio is 68/153 =0*44. 
It is at least clear that these larvae can be better fed than the first brood of 
larvae, tended by a single queen.” 

The brood /worker ratio has been studied in three ways, using egg /worker 
ratio, larva /worker ratio and brood- weight /worker ratio. Table XX gives data 
from nests of the “pocket-making” species B. agrorum taken during 1946. 
Table XXI gives data from nests of the “ pollen-storing” species taken during 
1947. Table XXII gives data calculated from a table published by Frison 
(19306) for natural nests of the “ pocket-maker ” B. americanorum. 


Table XX. — Brood-Worker Data from Nests of B. agrorum (''Pocket-fnaker''). 




??. 



Egg/ 


Larva/ 

Mgm. 

Larval 

Original 

Date. 

Eggs. 

worker 

Larvae. 

woriter 

Larval 

weight /worker 


ratio. 


ratio. 

material. 

ratio. 

9. 

21 .V.46 

. 6 

1 

. — 

. 16 

. 2 -60 

. 18 

. 3 00 

. 1857 

. 309-5 . 

4- 

22.V.46 

. 6 

— 

. — 

. ? 

. ? 

. 12 

. 2-40 

? 

? 

— 

3.vi.40 

. 6 

1 

. — 

. 10 

. 1-67 

. 14 

. 2-33 

? 

? 


10.vi.46 

. 16 

1 

. — 

. 37 

. 2-31 

. 22 

.1-38 

. 4259 

. 266-2 . 

+ 

21.vi.46 

. 26 

1 

. — 

. 20 

. 0*77 

. 44 

. 1*69 

. 3553 

. 136.7 . 

+ 

28.vi.46 

. 7 

1 

. — 

. 23 

. 3-29 

. ? 

. ? 

? 

V 

+ 

2.vii.46 

, 68 

1 

. — 

. 67 

. 0-99 

. ? 

. ? 

. 7691 

! 113-1 

+ 

8.vii.46 

. 28 

1 

. — 

. 29 

. 104 

. 38 

. 1-36 

? 

V 

+ 

6.viii.46 

.109 

1 

. — 

. 51 

. 0-47 

. ? 

. ? 

V 

? 

4- 

13.viii.46 

. 62 

5 

. 23 

. 38 

. 0-61 

. 47 

. 0*76 

. 17201 

. 277-4 . 

+ 

28 . viii . 46 

. 67 

28 

. 15 

. ? 

. ? 

. 86 

. 1-49 

V 

? 

— 

6.ix.46 

.112 

27 

. 3 

. 43 

. 0-38 

. 45 

. 0-40 

. 24,128 

. 215-4 . 

4- 


Table XXI.- 

1 

1 

1 

Data from Nests of 

“ Pollen-storersy 

Species. 

Date. 


?? 


Eggs. 

ratio. 






i ii 

1 ii 

B, Itbcorum • 

16.vi • 

30 

1 

0 . 

45/62 . 

1-5/2-1 

f9 • 

20.vi . 

77 

1 

0 

66 

0-73 

»» • 

26.vi . 

37 

6 

0 

35 

0-95 

f » • 

17.vii . 

186 

63 

5 

43 

0-23 

B, lapidariu8 . 

22.vii . 

143 

13 

6 

76 

0-62 

B. terrestris . 

Sl.vii . 

92 

11 

. brood 

103 

1-12 


lO.viii . 

120 

26 

• 1 and 

brood 

88 

0-73 


Larvae. 

Larva/? 

ratio. 

Mgm. larval Larval w/t. 
material. H ratio. 

Original $ 

Laying 

B, lucoruvi • 

19 

0-63 

. 4963 

. 1G5 

4-, also . 






P 

, bohemicua 


99 • 

92 

1-20 

. 9591 

. 125 

4- . 

— 


36 . 

0-97 

. 6167 

. 167 



f> • 

89 

0-48 

. 1.5026 

83 

4- ^ 

+ 

B. lapidariuM . 

149 

1-04 

. 6707 

47 

— 

4" 

B, terreatria 

77 

0-84 

. 46987 

51 

-f . 

4* 

.« 

127 

1-06 

V 

? 

4- 

4 - 


j — Bombtia values, ii = Fftitkyrufi values. 
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Tablk XXll. — Broo(l-Wo9'ker Datafimn Nests o/B. americanorum 
(“ Pocket-maker ”). 


Date. 


V?. 

dd- 

Old 

cocoons. 

Full 

cocoons. 

liiggs. 

Fgg/ 

worker 

ratio. 

LRi-vae. 

JjLTV&l 

worker 

ratio. 

Pollen 

pots. 

20 . vi 

0 . 

1 . 

0 

0 

0 

? 

. — . 

— . 

— . 

— 

23.vii 

4 . 

1 . 

0 

4 

15 

33 

. 8*26 . 

16 . 

3-76 . 

? 

26.vii 

44 . 

1 . 

0 

78 

18 

49 

. Ml . 

22 . 

•60 . 

12 

4.viii 

11 . 

1 . 

0 

23 

8 

18 

. 1*63 . 

21 . 

1-91 . 

? 

4,viii 

17 . 

i 

0 

45 

32 

62 

. 3-06 . 

? . 

— . 

? 

28.viii 

7 

8 . 

7 

50 

29 

? 

. — . 

6 . 

•71 . 

Y 

6.ix 

09 . 

11 

10 

9 

46 . 

? 

. — 

31 . 

•45 . 

19 

9.ix 

70 , 

57 . 

40 

? 

101 . 

28 

•37 . 

35 . 

•46 . 

16 

14. ix 

38 . 

21 . 

9 

132 

34 . 

0 

— . 

0 . 

— 

1 

13. ix 

98 . 

71 

25 

? 

236 . 

4 

•04 . 

Y . 

— 

18 

17. ix 

27 . 

25 . 

24 

278 

80 . 

8 

•30 . 

16 . 

56 . 

? 

26. ix 

13 . 

16 . 

5 

192 

48 . 

V 

. — . 

? . 

— . 

Y 

26. ix 

16 . 

V 

V 

244 

10 . 

? 

. — . 

34 . 

2-37 . 

? 

3.x 

10 . 

0 . 

0 

V 

0 . 

0 

. — . 

0 . 

— . 

? 


The life of a colony may be divided into three periods for the purpose of 
(jonsidering brood /worker ratios : (1) The period prior to the production 

of sexual forms ; (2) the period of active production of sexual forms ; and (H) 
the period in which the nest is dying out, and most of the sexual forms have 
emerged. It is clearly important that the original queen should be present in 
the nests which are studied, for worker laying, which seems to be initiated 
more by the absence of the queen than by any other factor, will upset ratios. 

We are (Hmcerned mainly with changes in the first period, but it is also 
important to know conditions during the second period. Nests of the third 
period must not be confused with those of the first period. 

Examination of the brood /worker ratio shows that in normal nests there is a 
decrease in the ratio in period 1 as the season proceeds, although a greater 
volume of data would be necessary to show the nature of the decrease. The 
egg /worker and larva /worker ratios in period 2 are, especially in the “ pocket- 
making” species, considerably reduced, so that it might well be that there is a 
relatively sharp drop between these two periods. However, it may be said 
that the larva /worker and egg/worker ratios must approach or fall below 1 
before queen brood is produced. 

In Table XX the increase in larval- weight /worker ratio during period 2 is 
of some interest. This may be due to several factors, such as (1 ) the production 
of some larger worker individuals just prior to male and queen brood ; (2) a 
more successful division of labour ; (3) utilization of food previously stored in 
tJie nest ; (4) an increase in the larval period of queen brood. 

It would appear that the problem of queen production is concerned basically 
with the egg-laying rate of the original queen, unless we assume that egg 
numbers are controlled by workers. This latter fact may well be true, but 
there is every indication that the egg-laying rate of tUe queen in the normal 
nest, whether controlled physiologically or psychologically, follows a definite 
curve. 

The Egg-laying Rate of the Queen. 

This has been estimated by several methods using data from nests of B. 
agromm taken during 1946. 

1. Ovariole connis in queens - Counts, as described in the section on ovarial 
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development in workers, may be made from queens of nests. This will show 
the condition of the ovaries, but not necessarily the rate of flow of eggs. There 
is, however, probably a close correlation between the two, and estimates based 
on this are not influenced by the possible destruction of eggs by workers. No 
indication of the actual egg-laying rate is obtained in this manner, but relative 
activity is probably shown. Table XXIII shows average ovariole coimts in 
queens. 

Table XXIII . — Ovariole 

Month. 

May . 

June . 

July . 

August 


Counts in Queens of Nests (B. agrorum). 

Average 
number of eggs 
per ovariole. 

0-8 


Number of 
nests. 


1 

3 

2 

3 


6-7 

10-0 

8-3 


Eggs found in nests . — The incubation period of eggs is stated by Sladen 
(1912) and Plath (1934) to be 3-4 days. The average number of eggs in nests 
taken during the month divided by 4 gives an estimate of daily oviposition 
rate for this period. Table XXIV shows daily oviposition rates calculated 
by this method. 

Table XXIV . — Esthmted Daily Oviposition Bate from Eggs found in Nests 



(B. agrorum). 


Montii. 

Number of 

Daily 

nests. 

oviposition rat 

May 

1 

3-8 

June , 

5 

6-0 

July . 

2 

12-0* 

August 

4 

10-8 

September . 

1 

10-8 


■“Kstiraatod oviposition rate in one nest is 10. 


3. Prepupae and pupae in The average age of prepupae and pupae 

may be taken as 15 days, so that a sum total of these divided by 15 gives the 
daily oviposition rate for a date some two weeks previously, in terms of success- 
ful eggs. Nests which are attacked severely by B. de/via camiot be considered 
here. Table XXV shows daily oviposition rates calculated in this way. 

Table XXV . — Estimated Daily Oviposition Kate from Pupal and PrepupaJ 

Blood (B. agrorum). 

Number of Daily 

nests. oviposition rate. 

2 . 0-9 

3 . 1-7 

1 . 4-0 

2 . 6-6 

2 , 4-9 


Month. 

April-May . 
May-June . 
June-July . 
July-August 
Aug.-Sept. . 



m 


Dr. R. A. Cumber on the Biology of Humbh-Bees 


4. Vocated cocoom in nests . — ^The average increase in number of cocoons in 
nests per month divided by 30 gives a viable egg-laying rate for a time 3-4 
weeks previously. Table XXVI shows a summary of this data back-dated a 
month. 


Table XXVI.-- Estimated Daily Oviposition Bate from Vacated Cocoons 

(B. agrorum). 


iMontlt. 

April . 
May -r 
June . 
July . 
August 


Number of 

Daily 

nests. 

oviposition rate. 

2 

0-3 

4 

1-0 

3 

l-fi 

4 

8-8 

1 

0-7 


Fig. 9 shows the oviposition rate of the queen during the life of the colony 
based on the number of eggs, the number of prepupae and pupae, and the 
number of vacated cocoons found in nests. The period of laying of queen- 
producing eggs and the period of queen production are also indicated. 



9 

Ft(;. 9. — Oviposition rate of qiieenK in Bombus ngrorum (Fabr.) based on 1, — 

iiumbdi* of eggs found in nests ; 2, ^ number of pupae plus prepupae found in 

Tiests ; 3, HmhhiI number of vacated cocoons found in nests. 

The study of Tables XXIII- XXVT shows that the oviposition rate follows 
a definite curve during the life of the colony. Another obvious feature is the 
discrepancy between numbers of eggs laid and amount of brood present. It is 
apparent that at least twic(» as many eggs are laid as develop into adults. 
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Observed mortality in egg groups and larval groups would not appear to 
account for tbe difference. Reference to Tables XX-XXII, which give egg/ 
worker and larva /worker ratios, also shows this discrepancy between brood 
produced and eggs laid. Here it is seen that the two ratios are somewhat 
similar, and in view of the fact that the larval life is about twice the incubation 
period, the larva/worker ratios are about half what one would expect. 

We may assume, then, that for the greater part of the egg-laying period 
of the queen there is a surplus of eggs laid with which it is possible to maintain 
a certain balance between economy of the nest and amount cf brood. It, 
seems likely that this surplus of eggs is controlled (1) by the queen who lays 
and attempts to protect them ; (2) by the w^orkers who destroy them, so that 
the number of brood which will l)e produced is governed by a complex set of 
conditions. Several writers, including Huber (1802), Sladen (1912) and 
Plath (1934) liave reported that at about the time of laying queen and mak^- 
producing (‘ggs thi' workers wdll (u-owd about th(' (jiieen and ofcen destroy and 
devour the eggs. 

One (^an at this stage only say that prior to queen production the workers 
rear relatively fewer and fewer brood imtil a ])oint is reached, often suddenly, 
where the ratio is sueh that the larvae receive sufficient nourishment to develoj) 
into c|U(‘ens. It would seem that the individuals in the nest an* able by 
regulation of the numbers of brood to produce workers or (jiieens. If by acci- 
dent the queen is killcxl and tlie regulatory excess of eggs disappears, the workers 
are unable, to (control the brood-ratio mitil such time as some of them develo]> 
ovaries and lay eggs, and the last eggs laid by the queen before her death may, 
under such circumstances, develoj) into queens (see account of nest below ). 
But in the normal c.olony the jiroduc.tion of c^ueens does not occur till late in 
its life, and almost invarial)ly is accompanied by the presence of male brood, 
so that the advent of this male brood would S(5em to be a signal for a, reduction 
in tlie l)rood /worker ratio to that j)oint wrhere quet^ns are produced. 

If the production of (pieen brood in the normal nest is controlled by an 
inherent psychologically regulated state of economy, then all othei* factors in 
queen production become secondary, and are responsible rather for numbers 
than kinds of individuals produced. 

The followmg nest (referred to above) shows that the death of the original 
(jueen early in the season may result in the production of queens. This might 
well be the result of an inevitable reduction in brood /worker ratio for the last 
eggs laid by the queen. 

On 26 , vi . 47 a qiieen-produciug nest of B, lucorum was taken at Sunninghill, 
Berkshue. These new queens w^ere far in advance of the normal appearance, 
for the males in this area did not appear until II .vii.47. Adults in the nest 
consisted of 31 (84 227 mg.) and 6 ^ (53.3 579 mg.). The original queen 

was found dead in the nest material. The numl>er of vacated (K)cooiis was 
38 small and 8 large. Three small cocoons and two large ones contained 
dead Brachycoim-intected pupae. The brood consisted of 35 eggs, 2 1st instar. 
11 2nd instar, 6 3rd instar, and 17 4th instar larvae, all of which were male 
brood from laying workers. No male pupae or prepupae were present, 
indicating that about two weeks must have elapsed between the death of the 
original queen and the commencement of worker laying. As only seven small 
cocoons are not accounted for, and there must have been some worker mov 
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tality, it would seem probable that queens had been produced without males. 
The queen larvae would have stopped feeding by the time that the worker 
male brood was produced, so that the brood/worker ratio must have temporarily 
been much reduced. 

Perhaps of equal significance was the unsuccessful attempt to produce 
queen brood early in the life of the colony in the presence of the original queen 
by the removal of all feeding brood and the leaving of a single egg-group. 
Two nests of B. agrorum were opened at intervals for brood removal, and the 
history of one of them is summarized in Table XXVII. 

Table XXVII.- Attempt to Produce $ Brood by Brood Reduction. 

l>utc of opening. Brood present. Brof)d left. 

19. VI. 47, . 1 group of oggs, 3 2nd, 5 3rd, 7 . 1 group of eggs, 2 (;ocoon 

o«i. 15 20 5^ 4t}i instar larv’ae, 2 cocoon groups, 

groups 

2H.vi.47 . 2 larval groups, 1 cocoon group. . 1 larval (1st experimental) 

(Good reserve of honey in group, 1 cocoon group, 

vacated cocoons.) 

1 H . vii 47 . 2 groups of eggs, 5 larval groups, 1 egg group, 2 co(?oon groups. 

2 cocoon groups. 1st experi- 
mental group of 9, obviously 
^ cocoons 

21.V11 47, . 3 egg groups, 1 larval (2nd experi- . 1 (2nd experimental) larval 

«'Kt. 20-39 mental) group group, 1 coc^oon group. 

28 vii 47 . 2n<l experimental groiij) now 

cocoons (8) and obviously 5 
brood. 

JJuring tlie above ex]'erinicnt brood/worker ratios such as ocjcur at the time 
of the normal (|ue(*n ])ro<luction have been created, but it has been diiiicult bo 
maintain them because of the ability of the queen to replace brood rapidly. 
Had the original queem been removed, then the attempt at early queen 
production miglit have been successful. 

(ii) The Out nye from Worke) to Male Brood. 

The rate of oviposition of the queen approaches its maximum about the 
tiiiK'- of laying male-prod uciiig eggs. Since the normal (|ueen prepupa is at 
least about twice as heavy as the male ])repupa, there is little doubt that the 
male larva recjuires less food. If, as has been shown in B. ayrorum, the jiro- 
duction of ijueens hangs for a while in the balanc^e, then the presence of raah* 
brood may cause the swing to queen production. If, in the rising economy of 
the nest, there is a change to purely male brood, and there is no marked altera- 
tion in oviposition rate, a surplus of food will be stored up in the colony, for the 
size range of males is more limited by its genetic make-up than is that of the 
females. The return to female brood under such circumstances will be accom- 
])anied by a marked increase in the economy of the colony, with the result 
that queens are produced. There is little doubt that in B. ayrorum there are 
certain stages when the sex ratio of single larval groups will govern whether a 
female ])roducing egg shall fiec.ome queen or worker, and this factor might be 
said to have the same importance as the relative position (central or peripheral) 
in the larval group of this specues. Up till the time of male jiroduction the 
range in weight of female pupal brood in B. agrorum is 60-260 mg. After 
male production, the range of normal female pupal brood is 200-500 mg., which 
indicates a stabilization in trophic condition. 
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But the presence of male brood is not an essential factor m cjueen production, 
for it has been shown that (lueens are produced without the presence of this 
influence. It is at most only a contributing fa(‘,tor in that it affects the amounts 
of food available and the relative sizes of queen and worker. 

(iii) Increase in Nest Temperature. 

Temperature data have shown that the maximum is reached at the time of 
production of sexual forms. It seems probable that stable, optimum conditions 
of temperature result in a shortened pre-adult life, which factor would aid 
worker increase and therefore the brood/worker ratio. There is doubtless a 
threshold of temperature below which larvae will not develop into cjueens, 
but the fact that a nest maybe induced to produce (pieens a month before these 
normally would appear, through the death of the original (pieen, indicates 
that temperature does not control queen production, l)ut that increased tem- 
])erature is jmi accompanying feature. 



10 

Fi(i. m. - A\(M'ago (inj?.) ■ B and avt'mgi' w ing-J^ngt h (iiim.) 

of foraging M’orkors of oqronitn (Fabi\) taken froni tfin field during 1940 . 


(iv) The Arailabilit y of Nectar and Pollen . 

t^onrce. At intervals during the UIK) season foraging bees were collected 
111 the field in order to study seasonal variation in size. They were weighed 
alive and later wing-lengths were measured. Fig. 10 shows a comparison of 
these (lata.. The average size of workers varies slightly during the season when 
measured in wing-length, but the weight has a marked increase. Workers arc 
relatively light m the early part of the season and relatively heavy in the latter 
part, the change-over occurring early in July. Two factors may be involved in 
this relative change in weight : (1) there may be a greater amount of reserve 
material in the worker later in the season ; (2) there may be an increased honey 
load later in the season (pollen was removed l)efore weighing). In either case 
the result is important. An increase in reserve material means that work is 
not so exacting, and an increase in honey load means that more food is capable 
of being transported. The latter is the more likely, but the former cannot be 
excluded. 

Seasonal clinratic change . — Increased day temperatmes and longer working 
hours will aid food supply by increasing the load which may be carried, and 
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enabling more trips to be made per day. Krishnamurti (1939) has shown the 
close correlation between foraging capacity and sunshine, etc., for the honey-bee. 

Increase in number of bees foraging, -The increased ease with which nest 
temperatures are maintained due to increase of brood, and rise in external 
temperatures, may release more bees for foraging duties. Evidence on this 
point is very difficult to obtain, because in any one nest the number of bees 
foraging will depend upon the weather conditions and the state of the colony 
generally. 

Factors affecting availability of food considered here are thought to be 
general ones which might give a trend to the size of colonies for the particular 
year, but having little bearing on the mechanism of queen production. Some 
species of Bombus terminate early in the summer, and this suggests that it is 
a developmental state within the colony which governs queen production. 

(v) The Division of Labour , 

The division of labour which has been shown to occui’ in several species 
may well be a contributing factor to the economy of the colony. 

(vi) The Rate of Oviposition. 

In an earlier section reference was made to a hypothesis put forward by 
Flanders (1945) based on the process of obsorption which is known to occur in 
parasitic Hymenoptera. The present work contains insufficient evidence to 
8U])port or disprove this theory. Histological studies would be necessary to 
show that the process of obsorption does occur, then further detailed estimations 
of oviposition rates would have to be made. The present indications are that 
there is, as in Apis, a definite oviposition curve with a peak at about the time 
that the male and first queen producing eggs are laid, after which there is a 
gradual fall. In Bombus, despite this fall, once pure queen brood is produced 
there is no return to worker brood. 

In view of the fact that brood/worker ratios would appear to provide a 
plausible explanation of caste differentiation in Bombus, the first step towards 
solving the problem would be further experimental work involving brood and 
worker removals of a similar nature to that performed by Sladen (1912). If a 
repetition of his work of uniting nests and removing original queens produces 
new queens from eggs laid early in the life of the colony, and the removal of 
workers from colonies results in the prevention of queen production throughout 
the life of the colony, then not only would there be strong evidence for an 
explanation involving only the quantity of larval food, but also there would 
be good reason to believe that differences in the egg are at most a minor 
contributing factor to caste differentiation in Bombus, 

5. Discussion. 

The main question concerned in the foregoing is : ‘‘ What is the factor, 
or what are the factors responsible for the change from worker to queen brood, 
and how is this change brought about ? ” 

During the course of the work oh Bombus, it has become. increasingly 
evident that we are concerned with two groups of species having many different 
biological characteristics, so that problems have to be considered separately 
for each group. These groups were called “ pocket-makers ” and ‘‘ pollen- 
storers ” by Sladen in 1912. 

The pollen-storers '' are generally regarded as the more specialized species, 
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for their larval nutrition resembles more the condition found in more specialized 
Apoidea in that there is individual larval nutrition for a longer period of larval 
life. In these species, too, the worker caste is more clearly separated from the 
queens. In the ‘‘ pocket-makers ” the larval feeding is reminiscent of the 
provisioning condition in solitary bees, and lends itself to variation in size of 
female individuals. In these species the separation of worker and queen is 
not so obvious. 

The basic principles of the change from worker to queen brood are doubtless 
the same in both groups of species, but nevertheless it is necessary to consider 
the change in the two groups separately. In all the species studied there is 
no external structural feature which separates worker from queen. 

First it has been necessary to trace change in size of individuals throughout 
the season, and this has been done by taking nests of different sizes and stages 
of development, and analysing the brood and adults present. In this way it 
has been shown that in both groups of species the production of queens came 
as a sudden increase in average size, and not as a gradual increase, as has 
often previously been supposed, and is perhaps natural to suppose since the 
worker and queen appear to differ only in size. 

Nests during the change-over from worker to queen brood were studied 
to find out how, during this change, brood was sorted out either into the queen 
or worker category. In th<^ ])ocket-making ” species where individuals of 
approximately the same size may be either worker or queen, these were separated 
on a biometric basis which took into account their physiological make-up 
(5. agron'ym). 

It was thus apj)arent that in both groups of species some factor (or fa(;tors) 
was responsible for a sudden change in larval nutrition. The study of nests 
at the change-over {B. agroruitb) indic^ates that only one type of female-producing 
egg exists. This is in keeping with the existing belief that the difference 
between queen and worker is one of quantitative larval nutrition, and therefore 
corrcilated with a state of economy in the nest. 

The size of nests in the one species which produce queens varies very 
(considerably, so that it seems that we may distinguish between the factors 
governing whether or not queens shall be produced, and factors governing the 
number of queens produced. The factors of the lirst (category are the ones 
which most concern us. The type of season may govern the relative sizes of 
nests and the numbers of queens produced, but even in the w^orst seasons 
some (pieens are produced, and once a colony has been established for a certain 
length of time, it regulates its economy to queen production. 

The first and most obvious fa(5tor to consider is the brood/worker ratio. 
It has been found that the larva/ worker ratio must approach or fall below I 
before queen brood is produced. This immediately suggests that an egg-layiug 
cycle could, through a fall in oviposition rate, effect a change in brood/worker 
ratio, with the subseejuent production of queen brood, although on the surface 
such a mechanism might not appear able to produce the distinction between 
worker and queen which, though sometimes not obvious, does exist. 

A study of the oviposition cycle showed a curve such as would produce the 
required brood /worker ratios, but it was obvious that about twice as many 
eggs were laid as produce brood, so that a change in the brood /worker ratio 
seemed to be independent of the oviposition rate of the queen. One is thus 
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forced to l}elieve that there is, during the greater part of the life of the colony, 
a considerable surplus of eggs, and that the destruction of these by workers 
controls brood /worker ratios. This destruction of eggs has been obsen^ed by 
several writers, and is also known to occur in ants and social wasps. 

It is perhaps rather strange that this surj)lu8 of eggs should be found in 
nests when it is apparent that a measure of destruction is going on and the 
viable numbers are considerably fewer. We know that egg-eating does occur, 
so that the destruction of larvae instead of eggs does not provide a plausible 
explanation. It may be that maximum egg destruction occurs at night when 
the nest population is highest. The nests studied were for the most part taken 
during the afternoon. Although attention has not been drawn to this egg 
destruction mainly during the hours of darkness, records of Sladen (1912 : 
244 -251) show that this is so. From the data one can only assume that 
regulation of oviposition by the destruction of eggs takes place mainly during 
the hours of darkness, when the majority of the workers are in the nest. Pardi 
(1942) has shown that newly laid eggs are more liable to destruction in nests of 
Polistes, and this would also appear (Sladen, 1912) to be true in Bombm. 

It has been shown that the premature death of the original queen will 
produce new (jueens a month earlier than is normal. The resulting change in 
brood/worker ratio is suggested as an explanation for this. 

It seems probable that queen production in the normal nest is brought, 
about by a reduction in the brood/worker ratio as a result of an increase in 
the destruction of eggs by workers. Why the workers should suddenly increase 
their destruction of eggs is not known, and it can only be suggested that their 
behaviour is altered by the pro(lu(*tion of male-producing haploid eggs by the 
original queen. In normal queen-producing nests invariably male brood is 
being, or has been produced . In the absence of other information, this explana- 
tion must seem to hold at least in the case of B. agrorum. 

But such an explanation would not, on the surface, seem sutficient because 
of the clear-cut physiological differences between worker and queen in the 
one nest. The following facts and suggestions may help to explain a discon- 
tinuity which would not seem possible on the grounds of a change in the brood/ 
worker ratio. 

In the pocket-making ’’ species, queens, males, and workers may be 
produced in the one larval group. Where such is the case, the queens occupy 
the more central positions (see section on Larval Nutrition, etc.), so that 
females produced here fall into two categories. This does not exclude the 
production, at the change-over, of a few (loubtful individuals, but it reduces 
their numbers. When these doubtful individuals emerge as adults there are 
clearly two alternatives — one to forage, the other to stay in the nest to feed 
and develop the fat-bodies of a queen. Which the individual may do may 
depend upon its individuality - -for clearly the bees have individuality, as shown 
by the fact that in a nest that has lost its original queen, a limited number, 
independent of the size factor, develop ovaries — or on the amount of reserve 
material in the nest. 

In the ‘‘ pollen-storers " doubtful individuals very rarely occur. It is 
thought that in these species there is a sudden change to all or almost all 
male brood when the eggs giving rise to the sexual forms are laid, so that a 
return to female brood oc^mrs at a higher level of economy in the colony. 
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These are the factors which tend to separate worker from queen once the 
brood/worker ratio has been reduced to that state where queen production is 
possible. Other factors, such as the division of labour, rise in nest temperature, 
availability of nectar and pollen, change from worker to male brood, are 
thought to be secondary factor influencing the amount rather than initiating 
the production of queen brood. 


0. Summary. 

(1) Some features from the general biology of humble-bees which have a 
bearing on the problem of queen and worker differentiation have been discussed. 
These refer to development of ovaries in ‘‘ spring ’’ queens, temperatures in 
nests, larval nutrition and parasites. 

(2) Larval nutrition has been studied to find out possible factors responsible 
for variation in size of worker individuals, and it has been shown how, in the 
‘‘ pocket-making ” species, the more primitive method of larval nutrition 
which approaches the mass-provisioning (condition provides greater oppor- 
tunity, through larval relation with the food mass, for variation in size of adult 
individuals. 

(3) Nests have been studied to determine the nature of seasonal population 
changes, and it has been shown that there is 7Wt a gradual increase in the 
average size of workers as the season progresses. In B. agrorum it appears 
more probable that there is a slight decrease in the average size up till the time 
of queen production. 

(4) A division of labour into smaller “ nurse-bees and larger “ foragers ” 
is shown to be a significant phenomenon in several species, and it is shown that 
in some species there is a further division of ‘'foragers’' into individuals 
visiting flowers with deep nectaries and those visiting flowers with shallower 
iioctaries. 

(5) The development of ovaries in workers has been studied, and a method 
lor numerical estimation of ovarial development has been described. The 
greatest stimulation to ovarial development is produced by the removal of the 
original queen. In her presence egg-laying by workers is confined to the 
})eriod of production of the sexual fonns, at which time the " pollen-storing ” 
species are the more liable to develop laying workeis. 

(()) There are no structural differences between queen and worker, although 
some (jolour differences have been noted. Generally the queen is larger than 
the worker, her fat-bodies are markedly different, she is usually producjed late 
in the season and she is fertilized, during which she may receive copulation 
marks which persist throughout life. The queen alone is able to hibernate 
and survive the winter. 

(7) In the humble-bees belonging to the " pollen-storing " division there is 
almost always a marked gaj) in size between c[ueen and worker, >)ut this may 
not be well marked in the " pocket-making ” division. Here it is necessary in 
dividing queen from worker to use some measure which takes into consideration 
the physiological make-up. This may be done satisfactorily by determination 
of weight/wing-length ratios. 

(8) The brood of nests at the change-over from worker to male and queen 
production has been described. In the ‘‘pocket-making” species successive 
brood groups remain distinct, but this does not occur in the “ jiolien-storing ” 
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species. In the former the sex and weight of pupae, prepupae and larvae of 
successive brood groups show that there is association of male and female 
brood in the same group (5. agiorum) and that females of two sizes may be 
present in the one group, but under these latter conditions the larger queen 
individuals usually occupy the central position. In JS. agrorum the change-over 
is a gradual one, whereas that in the “ pollen-storing ” species appears to be 
more sudden. 

(9) The brood/worker ratio in nests of different sizes has been studied, and 
it has been found that this must approach or fall below one before queen brood 
is produced. 

(10) The study of numbers of eggs and brood found in nests, and the 
calculation of the viable egg-laying rate of the queen for nests at different 
stages of developme.nt, has shown that approximately half the eggs laid develop 
into adults. It would ap])car that this destruction of eggs by workers occurs 
mainly during the hours of darkness, for nests taken late in the day usually 
have the surplus of eggs. 

(11) Egg destruction by workers is thought to be the main factor respon- 
sible for a reduction of the brood/worker ratio to that point where queen 
production is possible. Other factors such as change to male brood, increase 
in nest temperature, availability of nectar and pollen, and division of labour, 
are thought to govern more the amount of cpieen brood produced rather than 
initiating queen ])r()duction. 
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A. THE SPE(TES IvNOWN FROM JAVA. 

The genus Nyctenma was erected by Hiibner in 1820 (Veneichniss, etc. : 178), 
to include the following species : hesj^eria Cramer, cafra Drury, nerina Drury, 
coleta Cramer, Cramer, atralba Hiibner (— tripunctaria L.) and laciicima 
(.ramer. From these, lactidnia was selected as the typm generis by Hampson 
(1894 : 46). Immediately after Nycfeimra, Hiibner placed his monobasic genus 
Deiletmra, with evergista Cramer as sole species and, therefore, the typus 
generis. If one wishes to retain the name Deilemmi, it can only be for evergista 
and its nearest allies, which are characterized, in the male sex, by the distinctly 
arched inner margin of the fore wing and the anal fold in the hind wing. As 
it is not yet possible to sj)lit up the genus Nyetenhera into subgenera or even 
genera correctly, we treat Ikilemera here as a synonym. Other synonyms 
are (alphabetically) : 

Agagles White, 1841 : 482 (type : amicus White). 

Atasca Swinhoe, 1892 : 139 (type : pellex L.). 

Lepfosoma Boisduval, 1832:197 (type: ammlatum Boisdiival (prae- 
(»cc. !)). 

Pilasila Moore, 1877 : 599 (type : leucospilola Moore). 

Trypheromcra Butler, 1881 : 45 (type : plagifcra Walker). 

Zonosoma Butler, 1881 : 44 (type : cenis Cramer (praeocc. ^)). 

Misspellings or modifications are : Nichfentera Mabille, ]S' yeltfhewera 
Mabille, Nyefhenura F^ageiistecher, Moore, Nyctemewxra Pagenstecher, Nyctc- 
tneria Matsiimura, Aglages Kirby, DUemera Hampson, Lepfosonmm Blanchard, 
Tripheromera Swinhoe. It is not advisable to make use of these names even 
if the old genus Nyctemera should be split up. 

The systematic, rank and position of the genus, within the large family 
(or superfamily) LiTnosrriME (ARcrriDAE aiict.) are not quite clear, but since 
Swinhoe (1895: 18) most authors agree that it constitutes a separate sub- 
family, Nvctemejunae. Seitz (1910 : 102) even includes the common European 
(hnnabar moth, Callimorpha jarobaeae L. in it, and possibly this opinion may 
prove to be correct, as the caterpillar of this moth, by its general appearance 
and by its food-plant (Senecio), proves to be related to Nyctemera. The name 
Callinwrpha Latroille, 1809, being older than Nyctemera Hiibner, 1820, it is 

* 'J'ho hIkIch. maiuiscri])!. erij^iiiiil Urn wind's, photograph h, uegativos. ett*., .suffered badly 
during tho war, and were partially dcHtroycd. Fortunately, the raanuscript could ho rophn od, 
but- th(‘ drawingH could only Ik* replaced hv rouuh aketchea. — A'nflio) . 

TUANS, a. ENT, SOO. bOND. |00, I’Alcr 2. (MAU. 1919.) I 
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not unlikely that IfYcrrEMBRiNAE may become replaced by CALUMORPHmAE 
in future. Meyrick (1885), Eothschild (1920), and more recently Tams 
(1935), however, include Nyctemera in the Asotinab (Hypsinab auct.) without 
giving reasons. I cannot decide whether this is correct, but it seems to me 
somewhat doubtful. 

In the past several authors have devoted rather comprehensive attention 
to this genus ; we mention Snellen van Vollenhoven (1803), Pagenstecher 
(1901 ), and Swinhoe ( 1 903). Seitz ( 1 915) reviewed the Indo-Australian species, 
and Bryk (1937) catalogued the species of the world. Pagenstecher {le.) 
gave a good historical sketch of the genus which he called emphatically “ a 
history of errors. ’ 

The genus is represented by a fairly large number of species in the Indo- 
Australian region, extending to the Philippines, New Zealand and the Oceanic^ 
Islands. In Africa the number of species is restricted. 

The moths are day-flying, somewhat mimicking certain Pierids, but they 
are also attracted by lamp-light. Though they are not rare in many localities, 
astonishingly little is known about their life-history. Horsfield and Moore 
(1858-59), figure the larva and pupa of what they call lacHcinia, from Java, 
but which is certainly another species. They state that the larva “ feeds on 
Cacalia conchifolla, wliich bears the native name of Tempo-wijung probably 
the same plant now known as l^enecio sonrhifolifm. Some details of tlu^ 
(Vylonese lacticinia and coleta myrovenosa are given by Moore (1882). Hudson 
(1898 : 2) records the common New Zealand N. annulata from several Senecio 
species and from ( ^iveraria marifima, giving a brief description of the caterpillar. 
Recently Buxton, in Tams (1935^ : 193) described the morphology of the 
Deilemem alba caterpillar from Samoa, unfortunately without adequate details 
concerning the life-history. He only says that it lives on a small composite 
weed “which gi’ew in gardens, and was frequently a food-plant of this species.” 

It is a strange fact that females preponderate largely in collections, so 
that there may be some shortage of males for anatomical examination. The 
monotonous black and white pattern makes these insects rather unattractive 
to most collectors in the tro|)ics, though extensive collecting may still reveal 
many interesting facts. The morphology of the entire group will not be 
treated here at length, as several authors, e.g. Kirby (1897), Hudson (1898), 
Harnpson (1904), Swinhoe (1903) and Seitz (1915) have contributed in this 
direction. Only the male genitalia are described here for the first time, and 
are used on a large scale in order to arrive at a better understanding of the 
specues under consideration. Furthermore, the tympanic organs may bo» 
briefly mentioned, though they are of little taxonomic value. They form two 
large cavities at the very luise of the abdomen, with some structurfil relations 
to the metathorax. They are somewhat dislocated dorsally ; in most species,' 
chiefly in the males, they can be seen from above, as two lateral bladders. 
In some other species they are smaller and less obvious (cf. Saalmuller, 1884). 

In spite of a large amount of literature, there exists a formidable confusion 
about the syst(*matics and the nomenclature, even of some common species. 
The reason is the very simf)le pattern, which does not always exhibit striking 
differences and which is even liable to a considerable variability. The black 
coloration, for instance, may be extended at the expense of the white, or the 
reverse may be the case. Thus, the same species may appear in a dark or in 
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a light coloured form, with all intergrades. Besides this, in certain species a 
general fading of the dark elements may occur; they may become very pale, 
but the typical pattern may be maintained. This variability may be due to 
certain genetic factors, and may therefore prevail in local populations or sub- 
species ; in some other cases, however, it may be of an artificial origin, being 
caused by atmospheric conditions, such as rain, wind, sunshine, in connection 
with longevity of these day-flying moths. 

In the course of years I examined a number of Nyefemera from diffenuit 
parts of the Malayan Archipelago ; they can be easily distinguished by the 
male genitalia. The following is an attempt to revise the species known from 
Java. I have to thank the authorities of the Leiden and Amsterdam Museums 
for giving me full access to their collections. The material of the Leiden 
Museum deserves special attention, comprising the types of Snellen van 
Vollenhovcn, Snellen and van Eecke. Furthermore, J bad the privilege of 
looking through the (5ollcctions of the British Museum, at South Kensington 
and Tring, and of the Hope Department, Oxford, and I beg to express my 
best thanks for the valuable assistance given to me. 

The name Nyefemera is treated here as an anagram ; this nuuins that an 
adjectival species-name may be of any gender. 1 think it advisable, howexer, 
to follow Hubner, who treated it as feminine. 

The following names are synonyms or are not Xv( tk.miojunak at all. 

1. Nyefemera aremfa Vollenhoven. This insect b(‘longs to the. (Tia].(’o 

siiNAE, and is generally known as I^se/mhiryeieniera marywahs 

Vollenhoven; see Snellen (1908 :2t)). and ?ie])ers and Snelhii 

(1902:210). 

2. Nyefemera amadlis Vollenhoven, see V. fripuneUvria L. 

Nyefemera eonfma Swinhoe, see N. fripnnefaria 

4. Nyefemera deafifasedt Kalis, nee. Snellen, see N. arciafa AValkcn*. 

5. Nyefemera iaeonstana Vollenhoven, see N. lafi^iriya Walker. 

0. Nyefemera Iwnlehum Sxvinboe, see N. frljainefaria L. 

7. Nyefemera i aconsf a as NoWonhoven, see lafisfrlya Walker. 

8. Nyefemera Uwostigm,a Vollenhoven, se(‘ N. fafisfriya Walken’. 

9. Nyefemera amryitiaJis Vollenhoven is a Lhaleosiine, kno\\'n as 

Pmidoayelemera nmrifiaahs ; cf. N. arvmifa. 

10. Nyefemera mviesyamefafa Vollenhoven, see N, maeidafa Walk(‘i, 

11. Nyefemera a^iibeeida Vollenhoven, see N , latisfriya Walker. 

12. Nyefemera pallean Vollenhoven, see N. lafisfriya Walker. 

13. Nyefemera sealarium Vollenhoven, se(» N\ arefafa Walker. 

In the following list of the revised spcci(‘s they are arranged alphabetic aH} , 
for reasons of convenience. 

I. Nyefemera arefafa sealin' turn Vollenhov’’eii (fig. I). 

Walker, 1850:1064 J: Cherra Ponjee. \'olleiihoveii, 1803:50 S (JAptosomu 
mdaritim do Haaii i.l.) : »lava. Walker, 1804:198 : Hindostaii. Butler, 1888: 

072. 8\v inhoe, 1892:147 {Deileniera). Hampson, 1894 : 45, fig. 21 o (Nyefemera). 
Swinhoe, 1895 ; 18 (P^Heniera) : Shillong. Pagenstecher, 1898 : 199 (warulaia nee 
Walker) : Lombok ; id., 1899 : 103. Swinhoe, {Deilcmera arctaia). Schultzr, 

1908: 31 pi. 1, fig. 6 $ (D. hroumi): Phifippmo Islands. Wileman, 1911 : 31 9 
orefatu albofasciata) : Formosa; id., 1915:111 J9 {P- : Phil. Seitz, 1915: 
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275, pi. 30 g, h (/>. arctata). Reich, 1032 : 237 (J?, pi. 1, fig. 3 7 ^ (D, arctata jaimia ) ; 

Java; id., ibid. : 23S (subsp. kimbaluemis) : Bom. Kalis, 1034:14, figs. {N, 
(ieniifascia noc BneWen) : Java. *Bryk, 1937: SS (Dethmera), Roepko, 1048: 212: Hum, 

The species occurs only in the mountains of Java, chiefly at 1700 J800 nj., 
where it is not rare at lamplight. Tt has a wide range, from N. India through 
Assam, Burma, Sumatra, Java, Borneo, Lombok, Philippines and Formosa. 
From the latter two localities sul)species are des(;ribed. It is doul)tful whether 
the specimens from various other localities should be considered as subspc'cies 
or not. 

The nomenclature of the insect is rather confused, but easily settled. The 
topotypical arctata comes from the Eastern Himalaya slo})cs. The Javant^se 
form was described by Snellen van Vollenhoven as sealarium de Haan i . I and 
later on again by Reich as subsj). janrna, whereas Pagenstecher confused it 
with maculafa Walker and Kalis with denfifascia Snelhn. I tliink the Javanes(* 
insect might re})resent a subsjiecies ; the name arctata sealarium \''oIlenhov('n 
should be adopted. The type specimen of Vollenhoven is a f(‘male, in a rath(‘r 
(himaged condition. It bears the label “ Java ” only. 

The species is (juite characteristic, so that it (‘.an hardly l>(‘ (*.onfiised with 
others. It is of a ratlnu* weak structure, the wings a little hyalim*, the markings 
somewhat restunbling a GeoiiK'trid of the g(mus Abraxas, Thes(‘ markings 
consist of a system of light greyish dots betwe(m the veins of the fore wing, 
more nuriKU'ous and confluent in the male, less numerous, isolated or reduced 
in the hunale. The hind wing has only one row of marginal dots, confluent 
and forming a band in dark specimens, Init more or less inc(jjnpl(‘te in light 
ones. These extremes with all intermediate stages give rise to a consid(»ra))l(‘ 
varial)i]ity, l)ut nevertheless the specie's is e'asily recognizable at th(‘ first 
glanc^e. 

The male genitalia, (fig. 1) have the iimais mnifh lH)ok-Hhaj)e<l and Ix'nt dow iiwai'ds ; 
the aedeagus rather short and straight, AVith one ehitinous tooth in Jts interior. This is 
the only oeeurreneo of a spieuliia in a fhivanese Nifctemera. Thf‘ valva is longer than 
broad : at its upjier basal angle it has a small, j)oiiited appendage, directed inwards. The 
apex of the valva is deeply exeised, so that two terminal lobes am formed, an iijiper oiks 
shorter and more pointed, and a lower one, longer and mom eliib shajied. Heiu^atli the 
aedeagus there is a skmder, juxta-like structure, elongate, with the a])ex bifui-eab'. 

The weak structure of the insect, the peculiar markings, the neiiration, the 
simple uncus and the spiculus in the aedeagus seem to justify the erection of a 
sub-genus, for which I propose the name Arctata. 1 sec no reason to include 
the insect in Deilcmera, as several authors have already done. Only the hind 
wing and 117 are stalked as in Deihnara, but otherwise it diifers from it in 
more than one respect. The neuration alone is not suflicient for placing it 
into Deilemcra. 

2 . Nijctemmi baulus banlus Boisduval (PI. 1, flg. 2 ; fext-flg. 2 ). 

Boisduval, 1832:200 (Lfptosoma) : Burn. Walker, 1850 : 1 005 V (y^Jusciala): 
Aneitum ; id., 1850:184 {w ivndipicta) : Singapore; id., 1804:197 (rnuudipicta) ; 
id., ibid. : 198 (.s*n>o/////nr) , S. Celelx'S ; id., 1800:1879 (inUgra) \ Phil. Vollenhoven, 
13 [L, bitvlvH)’. ,)ava. Kirsch, 1877:131: New (Guinea. Snellen, 1878-79: 
72. 7)1. 0, fig. 5 9 (-V. Ifitistrign ncc Walker): S. Celebes. Butler, 1879: 162: New 
iirlujul ; 'Pnimti'. Hiielh ii, {L. fattUriga) : ( '. Huniatra. PagensU'eher, 1885: 
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41 (Miatriga neo Walker) : Ceram ; id., ibid. : 87 ; Am ; id., 1886 : 120 (Uitistriga ncc 
Walker) : Am Islands, Amboina, Nias, Sumatra. Meyrick, 1886 : 15 {tertiana) : Australia. 
Butler, 1887 : 222 (J? (almnsia) : Solomon Islands. Dmce, 1888 : 573. Kirby, 1889 : 
167 (L. integra) : Louisiade Islands ; Phil. ; Temate. Snellen, 1889 : 396 ? : Roon 
Isl. ; id., 1891 : 262 cj {latiatriga neo Walker) : Mores. ROber, 1891 : 352 {Uitistnga var. 
f(i8ciata) : Timor Laut ; Groram ; Maumeri ; Ceram. Butler, 1892 : 123 (L. integra) : 
Phil. Swinhoe, 1892 : 141, pi. 5, fig. 14 (J (L. mundipicta) : Singapore ; New Caledonia. 
Piepers & Snellen, 1896 : 51 (N. latistriga) : Talaut. Semper, 1899 : 141, pi. 50, fig. 4 ? 
{N. mundipicta) : Phil., etc. Holland, 1900 ; 660 : Buru. Pagenstecher, 1900 : 56 
(latiatriga) : Bismarck Archip. ; id., 1901 : 118 (baulus) ; id., ibid. : 119 (mundipicta) y 
id., ibid. : 120 (inUgra) ; id., ibid. : 120 (latiatriga) ; id., ibid. : 121 (picata) ; id., ibid. : 
121 (aluenaia), Swinhoe, 1903 : 75 (Deilemera haulua part.) ; id., ibid. : 74 (aimviatrix) ; 
id., ibid. : 76 (faaciata) ; id., ibid. : 76 (integra) ; id., ibid. : 76 (aluenaia) ; id., ibid. : 
77 (J?, pi. 4, fig. 7 (J (niaa) : Sangir. Turner, 1904 : 471 (N, haulua part.). Pagenstecher, 
1911 : 436 (latiatriga) : Am ; Kei Islands. Seitz, 1916 : 270 (haulm), Rothschild, 
1920 ; 168 cJ? (Deilemera mundipicta) : Sum. Van Eecke, 1927 : 222 ; id., 1929 : 349 
(A. haulua buruana, nec houruana Swinhoe) : Bum ; id., 1930 : 200 (haUlm) : Sum. ; 
id., 1932 : 6 ? : Riouw. Tams, 1936 : 196 pi. 12, fig. 4 ^ (Deilemera mundipicta 
aamoensia) : Samoa. Bryk, 1937 : 64 (NycUmera haulmy etc.). 

It remains quite uncertain which species Boisduval (l.c,) described as 
baulus from Burn. By the kind assistance of Dr. Busnel, of Paris, I had a 
letter from the Museum national d’Histoire naturelle, dated 25 fevrier, 1943, 
informing me that Boisduval’s type-specimen could not be traced there and 
must, therefore, be considered lost. For this reason it is advisable to consider 
the name baulus Boisduval definitely as an emendation of the species con- 
cerned, and to drop mundipicta Walker, as already used by several authors 
(Swinhoe, Rothschild, Tams), as a mere synonym, otherwise the name baulus 
will continue to cause confusion. 

N, haulua is a fairly common species in Java. It is medium sized to rather largo, and 
easily recognizable by the black marginal band in the hind wing, whi(5h forms a distinct 
tooth on nj, directed inwards. The intensity of the greyish ground -(jolour in the fore 
wing is somewhat variable ; in some specimens the transverse band shows a slightly 
yellowish tinge. The species bears a eertain resemblance to N, herkhtaii, the only one likely 
to be confused with it. 

The male genitalia (fig. 2), which I was able to examine in several specimens from 
varit)us localities (Sumatra, Java, Banggai, Buru), disphiy a great uniformity. The 
uncus is dilated and rather loosely attached to the tegumen. The valva is broad and 
ends in two sharp processes, strongly bent towards each other, like a pair of forcei>s. 
The aedeagus is long and curved. 

The species is distributed from Malaya to the Philippines, N. Australia and 
the Oceanic islands. 

A number of subspecies have been described and may be distinguished 
virtually, though they cannot yet always be traced clearly in the Archipelago 
as the differences are mostly slight. I was able to examine the male genitalia, 
of Van Eecke^s baulus buruana^ from Buru (= baulus baulus Boisduval), and 
they agree largely with those of several specimens from Java. From Sumatra 
a Secusio picatus Butler (1881 : 380) has been described, which is generally 
included under baulus or mundipicta ; it is, however, as already stated by 
Rothschild (1920), quite a distinct species. Swinhoe (1903 : 81) states that 
picatus is ‘‘ much like regularis.'' This is correct. N. pagenstecheri, from 
Lombok, listed by Bryk (1937) as a subspecies of baulus, is also doubtfuL 
TRANS. R. ENT. SOC. LOND. 100. PART 2. (MAR. 1949). 1§ 
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Judging from Pagenstecher’a and Seitz’s figures, it may be a very light coloured 
haulus ; the Leiden Museum has such pale specimens from Lombok and 
Flores that they may represent the true 'payenstech&ri. Unfortunately, there 
is another specimen in this collection, from Lombok, bearing a Pruhstorfer 
locality label and indicated as payenstecheri. This is certainly another insect, 
as indicated by its dark coloration, with the transverse band broadly enlarged, 
forming a large, oval patch. 

3. Nyctemera coleta coleta Stoll-Cr. (PI. 1, fig. I ; text-fig. 3). 

Cramer, 1782:153 cJ?» pk 368 H $ (PhcUaem. Oeometra) : sine patria. Hubner, 
1820 : 178 (Nyctemera), Walker, 1854 : 399 : Ceylon ; id., 1856 : 1663 (cMita !) : 
Ceram. Horsbeld-Moorc, 1859 : 322 (coleUj) : Java. Walker, 1861 : 93 ; Bom. 
Vollenhovon, 1863:39 (Leptosoma) : Java, Mol. Snellen, 1877:5: Java. Oberthiir, 
1878:469 (Leptosoma): Doroi, New Guinea. Moore, 1879:394 (N, nigrovenosa) : 
Ceylon ; id., 1882 : 48, pi. 98, fig. 4 4a (larva, pupa). Butler, 1883 : 161 (mekLmura) : 
Nias. Pagenstecher, 1885 : 19 : Nias. Weymer, 1885 : 274 : Nias. Pagenstecher, 
1886 : 122 : Am. Moore, 1886 : 97 (Nycihemera !) : Tavoy. Haase, 1886 : 523. 
Pagenstecher, 1888:114: Amb. ; id., 1890:101 (Nyclhemera \) : E. Java. Swinhoe, 
1890:178. Snellen, 1890:221: Sum. Kober, 1891:326 (var. rnelas): C!erani, 
Bankei. Swinhoe, 1892 : 140 (coleta), Hampson, 1893 : 12 ; id., 1894 : 49. Snellen ; 
1895 : 141 : Sum. Pagenstecher, 1895: 114.: Buitenzorg ; id., 1897 : 440 : Celebes ; 
id., 1898 : 196 : Sumba. Semper, 1899:495: Philippine Islands. Pagenstecher, 1901: 
142. Swinhoe, 1903:64 (Deilemera) ; id., ibid. : (U (nigrovenosa); ib., ibid.: 65 
(meJaneura): id., 1903f/ : 67 (coleta): Malay Penins. Strand, 1910:200 $: C, 
Sum. liothschild, 1915: 215 : Ceram. Seitz, 1915:267, pi. 29Gf ^ (cx)l(4a) : id., 

ibid., $ (f. suhviirea), Rothschild, 1920:134 (Deilemera): Sum. Van Eocke, 1930: 
207. Roepke, 1935 : 4 ? : Sum. Tams, 1935 : 39 $ : Sum., Java. Bryk, 1937 : 59. 

This species is the commonest Nydmc/ra in Java, flying everywhere, at 
daytime, from the coastal region up to an altitude of 1600 m. or more. Tt 
has a wide range, occurring in (^eylon, and from Assam through Malaya, the 
Archipelago, reaching the Philippines, N. Guinea and the Oceanic islands. 
In spite of this wide distribution it is less liable to variation, so that only a 
few subspecies have been recorded. These are characterized by an enlarge- 
ment of tlie dark markings, as in niyrmmwsa Moore from (Ceylon, melaneara 
Butler from Nias, and melas Rober from Ceram and Bankei. 

I have a number of specimens from various localities in Celebes (Banti- 
rnurang, Malino, Neengo, Todjambu) which have the dark markings more or 
less enlarged ; possibly they belong to melaa Rober. 

The topotypical locality of the species is not known. In Java and Sumatra 
the species is remarkably uniform. Seitz (/.c.), however, records and figures 
a form suhntrea, which has the dark markings paler and somewhat redutjed, 
the marginal band in the hind wing narrower, the hind wing nearly hyaline. 
The exact locality of this “ form ” is not given. The only specimen which 
1 received from Java under this name, with a large number of normal ones, 
proved to be only a faded specimen, probably due to atmospheric influences. 

The life-history in Java is unknown, though the late Mr. Rosier, from 
Buitenzorg, sent me a series of bred specimens without further details. The 
(Ceylonese coleta niyrtyvenosa Moore feeds on Gynura and other Compositae 
(cf. Moore, 1882), 

Morphologically the species is characterized by the hair brush of the male fore tibia, 
the peculiar male genital apparatus and by the nearly serrate antennae of the female. 
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This perhaps may give reason to erect a new subgenus, for which I propose the name 

Coleta. 

The male genitalia (fig. 3) have the uncus modified in a special manner. It consists 
of a basal and an apical part, the former being distinctly separated from the tegumen, 
triangularly shaped, whereas the distal part is beak-shaped, strongly directed downwards 
and attached to the basal part on its underside. It looks as if the basal part is much 
elongated, surpassing the virtual top considerably. 1 call it tectum. Dorsally the 
chitinization of the tegumen, in its centre, is weak and membranaceous. The aedeagus 
is rath(^r long and straight, supported by a weak (jhitinization dorsally, wliich 1 c;all 
junctus. The valva is longer than broad, its upper margin truncate at apex, its 
lower one elongated into a strong hook which is slightly bent downwards. 

4. Nyctemera crameri crameri nom. nov. pro lacticinia auct. nec ( -ramor 
(PI. I, fig. 5) (J, 10 9 ; text-lig. 4). 

? Horsfield -Moore, 1S.59 : 321, pJ. 14. fig. 10 (larva), 10a (pupa) (lacticinia nec Cramer) : 
Java. ? Walker, 1801 : 93 (id.). ? Pagenstecher, 1901:117 (id.). ? Seitz, 191.5:270 

(id.). 

Considerable confusion exists in regard to this species. I suppose tliat 
several authors, as given above, have identified it with lacticinia CVamer 
(1770 : 47, pi. 128 E : Coromandel). The latter, however, occurs in Conti- 
nental Asia only, as far as 1 know ; and judging from the figures, as given by 
Cramer (he.) himself, Moore (1882) and Seitz (1910), as well as from three 
females in the Leiden Museum, it is quite different.^. Possibly it is also 
confused in the collections with tripmicfaria L., chiefly with the smaller forms, 
described as asmnihs Vollenhoven. A new name, therefore, becomes necessary, 
though perhaps some older names may be availafile : in the first place petalca 
Sparrrnan, 1769, and afralba Hubner, 1820. If it were desirable to restore 
pefaica, I think, however, it can only be applied to (rita (see under this species) ; 
and afralba Hubner is given by Hubner liimself as a synonym of tnpunctana, 
so that it has no nomenclatorial value at all. Furthermore, we have to deal 
with confnmm and kondehm. Swinhoe (1892), but both belong to In punefaria 
L., as I was able to verify in the British Museum and at Oxford. 

A^. cratneri superficially bears a great resemhlancc to tripunctaria f. asaimilc 
Vollenhoven, but both can be distinguished by the shape of the marginal 
band in the hind wing. In crameri this band is less broad, it reaches the 
costa, liecoming ta|)cring, and not filling up the space above n^. The white 
band in fore wing is fully developed in all my specimens. I have a series of 
1 and 12 9$, all from E. Java only (Mt. Mayang, Mt. Rating, Mt. Idjen). 

Possil)ly Horsfield (l.c.) figured the larva and pupa of this species ; by 
examination of his material, in the British Museum, this point might be 
elucidated.2 

The male genitalia (fig. 4) are simple, the uncus being strongly hook-shaped, af its 
under surfac’e somewhat edged. The valva is broad at base, bub tapers immetliately 
into a long, digitiform projection tvhich surpasses tlio uncus. At the upper angle of its 
base it bears a strong, chitinous projection, more or less directed inwards, towards the 
a(*dcagus. The latter is rather short and slightly bent. 

1 Mr. Tams, of the British Museum, kindly made a balsam mount and a photomicrograph 
of the lacticinia d' genitalia. 5’hey are indeed very different from crameri. 

^ During my \isit 1 was not able to trace the Horsfield Nyctemera with certainty 
in the British Museum . 
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a. Nyctemera distincta distincta Walker (nec Swinhoe, 1903 : 68 : Sanghir) 

PI. I, figs. 12 13, 14 ?, 17, 18 ? ; text-fig. 6). 

Walker, 1864 : 392 : Java. Horsfield-Moore, 1869 : 331 <J$ : Java. Vollenhoven 
1863:38 <J$ (Leptosonia anthracinum De Haan Java. Swinhoe, 1892: 145 (L. 

distinctufn), Pagenstecher, 1894 : 31 {Npctemera ) ; id., 1901 : 107 {N* anthracinuM 
Be H.) ; id., ibid. : 108 pi. 2, fig. 1 <J {diatinctum), Swinhoe, 1903 : 69 {Deihm&ra 
(Tripheromera) diatincta), Seitz, 1915 : 268 {N. aasimilis distinct^). Van Eecke, 1927 : 
221 (JV. anthracinum = distincta Walker, nec assimilis Vollenhoven). Bryk, 1937 : 61. 

This species is recorded from Java only, where it seems to be confined to 
the mountainous region, up to 2000 m. It is a very variable insect, which is 
easily confused with popiya Swinhoe and certain other species. There are 
specimens with the dark ground-colour deep black, as charcoal, whilst in others 
this coloration shows a darker reddish brown or even a somewhat coppery 
tinge. The transverse band may be well developed, straight and clear, or 
more or less reduced, sometimes almost absent. The typical distincta of 
Walker having this band rather reduced, the name anthracinum Vollenhoven 
may be used for the variety with the band plain. A typical ^ of this form is 
figured by Pagenstecher (1901, i.c.), but he gives no precise locality. I have 
similar specimens from Mt. Idjen in E. Java ; presumably they may occur in 
the Eastern part of the island. Here the deep black and pure white coloration 
is more clearly seen than in any other Nyctemera from Java, which makes them 
very obvious. In one specimen of this series the white band has a very faint 
yellowish tinge. In my specimens from C. and W. Java this band is more 
or less reduced or even wanting. The marginal band in the hind wing is 
moderately to very broad, but not broadly extending along costa or anal 
region ; in the centre distinctly narrowed, its inner border, therefore, some- 
what angled. The abdomen has the tergites entirely black, only their hind 
margins bordered with white. In this respect the figure in Seitz {he,) is 
evidently wrong. The opinion of this author that distincta as well as popiya 
belong to assimilis is erroneous, as already pointed out by Van Eecke ; further- 
more, distincta Walker has priority, and finally assimilis is not a distinct 
species. 

The male genitalia (fig. 5) are of a peculiar structures chiefly on account of the com- 
plicated uncus. The latter is rather small, and separated from the birnd, triangular 
tegumen by a strong constriction. Its actual top is strongly directed downwards ; dorsally 
it bears some bristles which are easily lost by maceration. Furthermore, the uncus has 
two latero-dorsal appendages which, seen from aside, are hook-shaped, whereas from 
above they have the shape of ear-like projections. The valva is elongated, narrow, about 
four times as long as broad and much surpassing the tegumen plus uncus ; it may bo called 
somewhat irregularly spoon-shaped, its apex being broadened asymmetrically and being 
dentate. The aedeagus is of medium length, slightly bent downwards and suspended 
in a bridge-like chitinous connection between the bases of both valvae. It may be con- 
sidered as a combination of a junctus and a juxta, with a sharp circular aperture in its 
centre for the aedeagus. 

G. Nyctemera herklotsii herklotsii Vollenhoven (PI. I, fig, 3 $ ; text-fig. 6). 

Vollenhoven, 1863 : 39 c? (Leptosonm) : Java ; id., ibid. : 40 $ (qvjadriguMatum) : 
Java. Swinhoe, 1892: 141 (mun lipicta part., nec Walker). Pagenstecher, 1901 : 113, 
pi. 2, fig. 5 ^ {herhUdsi !) ; id., ibid. : 114, pi. 2, fig. 9 cJ (quadriguttatum) : Java. Swinhoe, 
1903 : 71 (quadriguttatum) ; id., ibid. : 75 (baulus part., nec Boisduval). Seitz, 1915 : 
269, pi. 29 h $ (as sexmaculata ex err. !). Van Eecke, 1927 : 221. Biyk, 1937 : 63. 
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This species seems to be confined to Java only. It is a mountain insect, 
occurring at an altitude of 1600 m. or higher, where it is not common. 

It resembles the common baulus, with which several authors have confused 
it. The general coloration is mostly denser black ; the marginal band in the 
hind wing is broader. The transverse band in the fore wing often shows 
symptoms of reduction and then may be divided into several spots ; such a 
form has been described by Vollenhoven as qmdriguttatum, I have seen 
specimens in which only traces of this white band were present. The marginal 
band in hind wing shows the same tooth on iig as in baulus. 

The male genitalia (fig. 6) are characterized by a pointed uncus which is nearly straight. 
The valva is rather broad, with the upper apex pointed and having below it a long, digiti- 
form processus which gives a peculiar appearance to this organ. The lower margin of 
the valva is thickened. The aedeagus is of moderate length, its apical portion is stnmgly 
curved upwards. From the upper angle of valva base a chitinous communication runs 
which seems to support the aedeagus dorsally, and which I call jmictus. 

Swinhoe (1892 : 144) describes a Deilemera hondekum from Java which 
is considered by Pagenstecher, Seitz and Bryk as a synonym of herklotsii, 
though Swinhoe (1903 : 72) states positively that it has no affinity with this 
species, “ being more nearly allied to distincta Walk.’' Professor Hale 
Carpenter sent me a photograph of Swinhoe’s type-specimens. This enables 
me to settle this very doubtful question : kondekum belongs to what is treated 
here as tripunctaria L. (see p. 60). 

Nyctemera instar Rothschild. 

Rothschild, 1920:135 (Deilemera): Sumatra. Bryk, 1937:65 (Nyctemera): 
Java, Sumatra. 

This species, described from Sumatra only, is recorded by Bryk from 
Java also, without further details. I have never seen any species from Java 
that might be identified with it, and I think that Bryk’s statement is probably 
erroneous. 

7. Nyctemera latistriga latistriga AValker (PI. I, fig. 4 (J ; PI. 2, fig. 3). 

Walker, 1854:397: Moulmein. Horsfield-Moore, 1859:331 cJ? : Java, Canara. 
Walker. 1861 : 93 : Boni. Vollenhoven, 1863 : 44 (Leptosoma leurosfigma) : Java ; 
id., ibid. : 45 (pollens) : Java ; id., ibid. : 47 (itmmstans) : Java ; id., ibid. : 49(J 
(nubecula) : Java. Snellen, 1880 : 34, pi. 3, fig. 11 cJ (1^. inconstam) : C. Sum. Butler, 
1881a : 44, pi. 88, fig. 1 (L. latistriga): Moulmein, Ceylon. Pagenstecher, 1884:214 
(N, latistriga): Amb., id., 1885:19: Nias. Snellen, 1884-85:39 (N. inconstans = 
latktriga Butler !) : Cel. Weymor, 1885 : 274 : Nias. Pagenstecher, 1886 : 120 : 
Aru. Moore, 1886a : 54. Pagenstecher, 1887:113: Amb. Swinhoe, 1890:178 ; 
id., 1892 : 142 (Leptosoma) : Moulmein, N. Born., Ceyl., Phil., Java. Hatnpson, 1894 ; 
47. Swinhoe, 1895:18: Assam. Pagenstecher, 1897:439 (inconsUins) : Bom., id., 
ibid. : 440 : Uliasser ; id., 1898 : 196 (lomhokiana Fruh.) : Lombok ; id., ibid. : 198 
(arcuata neo Vollenhoven) : Lombok. Snellen, 1899:23. Semper, 1899:453, pi. 58, 
fig. 3 ? : Phil., etc. Pagenstecher, 1901 : 128. Swinhoe, 1903 : 78 (Deilemera). Swinhoe, 
1904 : 82 ^ (N. ovada) : Sumba. Strand, 1910 ; 200 3 (Deilemera) : C. Sum. Seitz, 
1915 : 267, pi. 29c 5$ (Nyctemera) ; id., ibid. : 268 (trita leucostigma ; trita nubecula), 
Rothschild, 1920 : 134 (D. consobrina, nec Hopff.) : Korintji. Van Eeckc, 1927 : 
222 ; id., 1930 : 210. Bryk, 1937 : 76 ; id., ibid. : 69 (leucostigma) ; id., ibid. : 72 
(pallens) ; Java. 
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This species has a wide range, from Continental Asia through the Archi- 
pelago, reaching the Moluccas and the Philippine Islands. I have not yet 
seen it from New Guinea and Australia. In Java it is apparently less com- 
mon ; I have only a small series from various localities in W. Java, but I am 
sure that it occurs everywhere. 

Though very variable, it is easily recognizable by its general appearance, 
with the domination of the white colouring, chiefly produced by the broad 
basal streak in the fore wing. In the Javanese specimens the dark coloration 
is generally rather pale, showing a distinct tendency to fading. When the 
white markings are also extended very pale specimens may result, described 
as palhns by Vollenhoven. On the other hand, darkened specimens occur, 
though only very occasionally, in which the white fore-wing markings are 
nearly or completely extinct. Such specimens were described by Vollenhoven 
as lemostigrna and nubecula, the former still showing an obsolete, white patch 
near the costa, the latter being uniformly dark, both with only a slight trace 
of a transversal shade. This darkening makes the insect practically un- 
recognizable ; to all authors leucostigma and nuhemla, therefore, remained a 
problem, and Seitz (1915) refers them to trita. This problem, however, was 
solved at once by an examination of the male genitalia in one of the rdubecula 
paratypes of Vollenhoven. They show the latistriga character so convincingly 
that there cannot be the slightest doubt that nubecula, with Icticostigma and 
latistriga, are the same. Moreover, the marginal band in the hind wing has 
the same shape, characterized by the prominent tooth on ng. The British 
Museum has one quite typical male of latistriga f. le^icostigma Vollenhovem, 
from Waingapo, as ovada Swinhoe ; the latter name now falls as a 
synonym (see PI. 2, tigs. 3 and 7). 

The nomenclature of the species, of course, now becomes rather compli- 
cated, and the synonymic lists, as published by several previous authors, are 
less reliable. Snellen constantly called the insect invondans, erroneously 
referring latistriga to what we consider here as baulus Boisduval. The topo- 
typical form came from Moulmein, Burma, according to Swinhoe : if the 
Javanese form proves to be a subspecies, one of the names given by Vollen- 
hoven, becomes valid. Leucostigma has priority, followed by j)aUens, incon- 
Stans and nubecula. Of these, inconstans ought to be chosen, as the other 
names refer to very occasional aberrations only. Pallets may be applied to 
the palest varieties, leucostigma and nubecula to the darkest. 

The male genitalia could only be examined in one epeciinen from Medan, Sumatra 
and in one of VoUenhoven’s paraty|X)8 of nuhenda from Java.^ They ai-e rather 
typical, and show the uncus strongly developed, bent downwards, and at its base doimlly 
with two prominent hooks. The valva ends in three pointed processes, the first of which 
is situated at its upper basal angle ; it is the smallest one ; its shape is rather dentiform. 
The second is the largest one, forming the virtual distal top of the valva; it is slightly 
bent downwards. The third is smaller, straight, situated beneath the second. Second 
and third processes together have the shape of an asymmetrical forceps. The aedeagus 
is very short, only very slightly bent upwards ; it is surrounded by the same structure as 
in herktotsil, consisting of a junctus dorsally in combination with a juxta ventrally. 


® Slides .Mid drawings lost ; see footnote, p. 47. 



57 


Dr. -W. Roepke m the Genus Nyctemera Hubner 

8. Nyctemera macuhta maculata Walker (PI. I. fig. 24 cJ ; text-fig. 12). 

Walker, 1864 : 396 (sine patria). VoUenhoven, 1863 : 42 (J$ (Lejjtosoma noviespunc- 
tatum ) : Java. Pagenstecher, 1894 ; 31 (Nyctemera noviespunctata ) ; id., 1901 : 168, 
pi. 2, fig. 10 (J (Deilemera marvlata ) : Lombok, Java. Swinhoe, 1903.: 62. Seitz, 1915 : 
275, pi. 30 f ? (species altera ?). Van Eocke, 1927 : 22. Bryk, 1937 : 90. 

This species is known from Java only, but Pagenstecher records it also 
from Lombok. I have a small series from various localities in W. Java; 
presumably it is a rather rare insect. It is clearly distinguishable by the double 
white basal streak in fore wing ; the hind wing has the costa pure white. In 
the male the posterior margin of the fore wing is curved, with the tomus 
rounded ; the hind wing has the anal margin folded over, forming a distinct 
anal fold. The tympanic cavities in both sexes are less obvious. The figure 
given by Pagenstecher is t 3 rpical ; that of Seitz is not correct ; it shows a 
specimen with the double basal streak in fore wing practically wanting (I 
have never seen such an aberration !), or it represents another subspecies or 
species. 

The male genitalia (fig. 12) an^. of a more robust construction, the uncus is narrow, 
}>ointed and straight, the tegumen broad, distinctly scjparated fi-oin the uncus. At its 
inner base the tegumen has two hook-shaped appendages w ith the lops somew hat dentate. 
The valva is simply built ; it bears a long terminal process which has the shai>o of a slender 
club. Near base of ujiper margin the valva has a smaller digitiform process. The 
aedeagus is rather stout and slightly curved. 

N, maculata Walker belongs to the same group as rvergista Cramer, which 
is the type of Hubner\s genus Deilemera, No doubt the general appearance, 
the shape of the fore wing and the anal fold in the hind wing of the male, the 
iK'uration in both sexes and the structure of the male genitalia justify the 
introduction of a sej)arate genus, or at least of a subgenus, for w^hich the name 
Deiletnera Hubner exclusively should be used. 

9. Nyctemera popiya popiya Swinhoe (PI. 1, fig. 11 15, 16 d'ej : text-fig. 7). 

Swinhoe, 1903 : 69 pb 3, fig, 3, 7 cJ (upper- and underside) (Ut il. subg. Tripheromera ) : 
Java. Seitz, 1915:268 (f7.v.s/m/0‘.s’ popiya), pi. 29c. Bryk, 1937:61 (disli'miia forma 
popiya). 

This species is known from Java only. I have a small series frdm various 
localities in W. Java, lowland and lower mountains. It bears a strong 
resemblance to N, didinefa, with w hich it is confused by Seitz and Bryk. It 
can be distinguished from distmefa, however, at the first glance by the different 
shape of the marginal band in the hind wing. Didructo has it excavated in 
the centre ; in popiya its inner border is regularly rounded, at anal angle mostly 
suddenly tapering. The ground-colour of fore wing is a dark reddish brown, 
the transverse band is w^anting, as in Swinhoe’s typical spe(*imens, or repre- 
sented by a slight trace. The basal part of the veins in fore w ing is yellow ; 
the patagia, tegulae and notum are fringed wdth dark ytdlow. Abdomen as 
in distincta. 

The male genitalia (fig. 7) are very different from those of distincta, demonstrating 
that both species belong to different groups, though superficially they have the greatest 
resemblance. In the first place tegumen and uncus are simple, the former triangular, 







Dr. W. Roepke on Hie Oenus Nycteniem Buhner 


59 



ri(;s. 9- 14. — Male genitalia of ^yctemera Hubner. For explanation see Figs. l-8< 
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the latter narrow, slender, hook-shaped and bent downwards, a little edged at its under- 
surface. The separation between tegumen and uncus is distinct, as usual in this genus. 
The aedeagus is short and slender, slightly bent. The valva is obviously elongated into 
a long, terminal process, which may be called stag-like on account of its curved shape, 
being strongly bent inwards as well as slightly upwards.. In one specimen from G. 
Tjisuru, W. Java, the top of this process is simple, though somewhat irregularly broadened ; 
in another, from Pamegattan, near Garut, W. Java, it is distinctly bifurcate. Further- 
more, there is a junctus and a narrow, faint, juxta-like structure supporting the aedeagus 
from above and from below. The valva has an interior apj)endage, like an auricula, broad 
and triangular, with its base reaching lower margin of valva. * 

10. Nyctemera tenuifascia tenuifascia Snellen (PI. 2, fig. 1 (J). 

SnoDen, 1898:26 (J, pi. 1, fig. 2 : Lombok. Pagenstecher, 1898: 198 o ; id., 

1901 : 123 (J : Lombok. Swinhoe, 1903 : 84 (Deilemera), Snellen, 1907 : 115 $ 
(Nyctemera) : Java. Seitz, 1915 : 271 (?, pi. 29i c? : Lombok. Bryk, 1937 : 82 : 
Lombok. 

The largest Nyctemera from Java, only known from the Tengger Mts., 
luit I have a male from Mt. Lawn, C. Java (leg. Rosier). It must be a rare 
species, as I have only one male and one female from Tosari, Tengger, and 
I never received it among the large numbers of Heterocera which were sent 
me from this region by several collectors. 

The insect is very conspicuous, and cannot be confused with other species. 
The fore-wing band is narrow in the male from Mt. Lawn, but broader in the 
male and the female from Mt, Tengger. In the latter specimen the thorax 
above is white, with some black dots, and only a little yellow chiefly along the 
hind margin of patagia. In the former the patagia, tegulae and the notum 
are mixed with yellow scales. The female antenna is nearly as bipectinate as 
in the male. The tympanic cavities, in both sexes, are much reduced in size. 

There is only one female from Tosari, Tengger Mts., in the Leiden Museum, 
mentioned l)y Snellen (1907). His type-specimen, from Lombok, came from 
the Pagenstecher Collection, now at Munich. The figure of this specimen 
shows the transverse band in the fore wing much narrower than in the 
Javanese specimens ; possibly the latter may prove to be a subspecies. 

The male genitalia have not been examined microscopically, but as far as I can st‘c 
in the one specimen from Tosari, without maceration, the uncus is pointed, directed 
downwards; the valva ends in a heak-hke hook, wdth a thumb-like inner ])rocess near 
base of this hook. 

11. Nyctemera tripunctaria tripunctaria L. (PI. I, figs. 5, 6 

7, 8 ; text-fig. 8). 

Linnaeus, 1758 : 523 (Phalaena Oeometra) : Asia. (Varner, 1775 : 34, o$, pi. 22 E o ; 
sine patria. Hubner, 1820:178 (Nyctemera atralba). Walker, 1854:397 (tripunr- 
biria) : Penang; (Jhina ; Assam ; K. India. Horsfield- Moore, 1859 : 332, : Penang. 

Vollenhoven, 18()3 : 39 (Lepfosoma tripunctarium) : Java ; Sum. ; Born. ; id., ibid. : 
39 ? (ussimile) : Java. Walker, 1864 : 199 ^ (celsa) : Siam. Pieptu'S and Snellen, 1877 : 
5 (N, tripu7irtarin) : Batavia. Aur., 1882 : 163. Pagenstecher, 1885 : 18 (assimile) : 
Nias. McKire, 1886:97 (Nycthemeral tripvnrtaria) : Tavoy. Pagenstecher, 1890: 
101 (N. assimile) : E. Java. Swinhf>e, 1892 : 141 (Leptosoma tripunctaria) : Singapore ; 
Malay Penins. ; id., ibid. : 142 (celsum) : Cambodja ; China ; id., ibid. : 144 (am- 
fusum) : Java ; id., ibid. . 144 (kondeknm [p. 318 index : kondecum /]) : Java. 
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Hampson, 1894 : 47 {N, tripunctaria), Pagenstecher, 1898 : 198 (assimile) ; id., 1901 : 
108, pL 2, fig. 3 $ (assimile) : Java, Sumba ; id., ibid. : 118 ^ (celsa) ; id., ibid. : 137 
(tripuncMria) ; id., ibid. : 139, pi. 2, fig. 6 $ (sumatrensis nec Heyl.). Swinhoo, 1903 : 
77 (Deil, kondeka) ; id., ibid. : 80 (tripuTictaria) ; id., 1903a : 66 (J? : Malay Penms. Strand, 
1910 : 200 (Nyctemera): C. Sum. Seitz, 1915:267 (N, tripunctaria, ab. sumairmsis 
Pagenstecher, celsa Walker, candidissima f. nov., alba Pagenstecher ?, gratia Schultze) ; 
id., ibid. : 268 (assimile) ; id., ibid., pi. 29a (tripunctaria (J, sumatrensis ?) ; id., ibid., 
pi. 296 (celsa (J?, candidissinui $). Swinhoe, 1916 : 213 (Deilemera tripunctaria L. (nec 
auct.) -- annulatum Boisduval (ex err. !)). Van Eecke, 1930 : 208 (A’^. tripunctaria) : Sum. 
Bryk, 1937 : 82 (tripunctaria) ; id., ibid. : 83 (f. elzuniae-kruscheae) : Sum. ; id., ibid. : 92. 

The species is distributed from S. China and Assam through Siam and 
Malaya, Sumatra, Java, Borneo, and reaches Sumba (Pagenstecher). In 
Java it occurs everywhere, from about sea level (Depok) up to an altitiuhi of 
about 1500 m. (Idjen Plains), and it is not rare. It displays an amazing 
variability, geographically as well as locally. This fact gives rise to a compli- 
cated synonymy which cannot easily be rectified with certainty. The existing 
confusion is largely augmented by Swinhoe (1916), who has shown that the 
specimen in the Thunberg collection at Upsala, which he claims to be the type- 
specimen of Linnaeus, belongs to what is known as annulatum Boisduval, 
from New Zealand. Without denying the correctness of this statement, it is 
evident, however, that Linne’s diagnosis, “ . . . anterioribus fascia 

interrupta baseosque stria ; posterioribus disco albis ” never refers to anmi- 
latum Boisduval, vso that there is only one conclusion, viz. that the Thunberg 
specimen is not the same as the type-specimen of Linnaeus. We have, there- 
fore, to retain Linne's name for the species. Swinhoe, furthermore, places 
petulca Sj)arrman under the synonyms, but this question remains very doubtful 
(see under tnia^ p, 62). 

In Java the insect is medium sized to rather large, though smaller speci- 
mens may occur occasionally, mainly in the mountains. The white band in 
the fore wing may be broad and plain or dissected by dark veins, or even more 
or less ov(Tshaded by the dark, greyish brown ground colour. The white 
basal streak may be fully developed, or may comiiletely disappear by gradual 
reduction, (-hiefly in smaller specimens of the assimile tyjie, it is almost 
absent. Tlie basal part of the venation, as a rule, is white. The hind wing 
has the marginal band generally broad, its inner border regularly rounded, 
sometimes a little creniilate or obtuse ; it extends broadly along the costa, 
filling up the space above n^. The base of the hind wing is slightly greyish ; 
the same coloration also occurs along the anal margin. These markings in 
the hind wing may be much enlarged, so that in extreme cases only a white 
discal f)atch remains. Such a dark form is probably described by Swinhoe 
as confusum, though this needs confirmation by re-examination of the type- 
specimen in the Oxford Museum. Furthermore, Swinhoe (1892 : 144) described 
a Leptosoma kondehim J"? frmn Java called kmdemm. in the index on p. 318 and 
Deiletnera londeka in 1903 : 77. This speejes, from the description only, 
remains a puzzle : fortunately, I am indebted to Prof. Hale Carpenter for a 
photogra})h of the type-specimens. Both seem to be females, the one with 
the transverse band in fore-wing clear and broad, the other with this band 
rather darkened. This band is the same as in our tripunctaria and asshnilis Voll.* 
Unfortunately, the hind-wing costa is covered by the hind margin of the 
fore-wing in both specimens. From Swinhoe’s diagnosis, however, we have to 
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conclude that the costa in the hind-wing is darkened, therefore I am sure that 
the species belongs to trijmnctaria L. The abdomen is white or light ^yish, 
with a median row of darker dots on the tergites. Smaller specimens with the 
white basal streak in the fore wing wanting and the transverse band overclouded 
by the dark ground-colour were described by Vollenhoven as assimile. His 
type material consists of two female specimens only. Pagenstecher (1901) 
has figured this form correctly. There are, of course, all intergrades between 
assimile and tripunctaria , In Java such intermediate forms prevail. 

The male genitalia of a typical tripu'iictaria from Java (fig. 8) and of assimile are 
HO similar that they must be considered as one and the same species. The tegumen is 
broad, the uncus short, bent downwards ; dorsally it has a short projection, which may 
be somewhat truncate in some specimens and more hook-shaped in others. The aedeagus 
is short and fairly straight ; it is supported by a junctus. The valva is short, about as 
broad as long, its lower margin and rounded lower apical angle thickened, its upper angle 
elongated into a long digitiform process, the shape of which is somewhat variable in 
some specimens. The upper basal angle of the valva bears a strong appendage of a 
slender triangular shape, directed inwards or slightly downwards. I call it auricula. 

12. Nyctemera trita trita Walker (PL I, figs. 20, 21 c?(J, 22, 23 $$ ; 

text-fig. 13). 

Walker, 1854 : 394 : Java. Horsfield-Moore, 1859 : 331 cf$, pi. 8a, fig. 9 cJ : Java. 
Pagenstecher, 1890:197 {Nycthemera \), Swinhoe, 1892:143 {Leptosoma iriturn), 
Pagenstecher, 1901 : 109 (Nyctemera trita). Swinhoe, 1903 : 69 (Deilemera (Triphero- 
mera)). Seitz, 1915 ; 268, pi. 29d cJ (upper side), 29e (under side) (N, tritum !). Brvk, 
1037 : 82. 

This species, small to medium sized, is only recorded from Java, where 
it is not rare, occurring at sea level as well as in the mountains (Idjen Plains). 

The ground-colour is a greyish brown ; the fore-wing band is well developed and rather 
broad or reduced to a weak trace. In the hind wing the dark margin is mostly broad, 
but not extending along costa broadly. The base of hind wing and anal margin, mostly 
up to ng, are more or less suffused with dark, so that in many specimens the white coloration 
is reduced to a discal patch of variable dimensions. In the darkest specimens it may lH^ 
nearly absent. The darkening of the hind wing does not always correspond with that of 
the fore wing ; there are specimens with dark hind wings and a wcU-dcvoloped band in 
the fore wing, as well as others with the fore wings darkened and the hind wings rather 
w’hite. 

The abdomen is of a light greyish or nearly w^hite coloration, with a dorsal row of 
dark patches near anterior border of each tergite. The name of the species may be a 
little doubtful, since Sparrman (1769 : 500) described a Phulaena petulca as “ aliis fuscis 
. . . inferioribus disco albis.” As a habitat he gives “ Neuw Baij,*’ at a distance of 

tw o days’ sailing from Java. If Sparrman’s type-specimen still exists, this question could 
easily be settled by re-examination ; otherwise the name petidca should be suppressed in 
order to avoid continual confusion. Or, if emendation is desirable, it should it‘pla(?e 
trita only. 

The male genitaha (fig. 13) are of a i)eculiar construction. The uncus, strongly directed 
downwards, is sharply sejwated from the tegumen. The latter is broadly dilated into 
two lateral lobes, their margins being covered with distinct spines. The aedeagus is 
rather long and slightly bent upwards, with the apex broadened. The valva is a little 
longer than broad ; it is terminated by a bifurcate process, somewhat curved inwards. 
Furthermore, the valva h^s a harpe-like appendage near its inner and lower margin, 
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rather long and blunt, which at its very top bears a bundle of long, stiff bristles. The 
aedeagus is of medium length, slender, very slightly bent upwards. It is supported by a 
junotus somewhat projecting forwards. 

Briefly summarizing the results obtained by the foregoing investigation, 
we arrive at the following arrangement of the Nyctemera species known from 
Java (alphabetically) : 

PAGE 

1 . N, (subgen. Arctata Roepke) arciata acahmum VoUenhoven . . . 49 

Synonyms : 

macidata Pagenstecher (nec Walker). 
arctata javana Reich. 
dentifascia Kalis (nec Snellen). 

2. N. baulus haulm Boisduval ... 50 

Synonyms : 

tnundipicta Walker. 
simulatrix Walker. 
latistriga Snellen (nec Walker). 
haulus huruana van Eecke. 


3. N, (subgen. Coleta Roepke) Coleta coleta Cramer ... 52 

1. N, cratneri cratneri Roepke ... 53 

Synonym ; 

lacticinia auct. (nec Cramer). 

5. N. distincta distincta Walker 54 

Synonyms : 

anthradna VoUenhoven. 
asshnilis Seitz (nec VoUenhoven). 

6. N. herkloifiii herklotfiUYoWenhoyen . . . . 51 


Synonyms : 

qu^riguttata VoUenhoven. 
mundipicta Swinhoe (nec Walkt'r). 
sexmaculata Seitz. 

7. iV. latistriga latistriga Walker .... . . .... 55 

Synonyms : 

leucostigma V ol lenh o veil . 

pallens VoUenhoven. 

inconstans V ol leiiho ven . 

arcuata Pagenstecher (nec VoUenhoven). 

(nmia Swinhoe. 

trita leucostigma Seitz. 

tritxi nubecula Seitz. 

consobrina Rothschild (nec Ho})ffer). 


8. N. macidata macidata Walker . 57 

Synonym : 

noviespunctata V ollenho ven . 

9. N. popiya popiya Swinhoe . 57 

Synonyms : 

assimdis popiya Seitz. 
distincta f. popiya Bryk. 

10. JV. tenuifascia tenuifascia Snellen 


60 
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PANE 

11. N. tripunctaria tripumtaria L 60 

Synonyms : 

? atralha Hiilnier. ^ 

as si mills V ol lonh o ven . 

confusa Swinhoe. 

hmdehum Swinhoe. 

sumatreMsis Pagensteclier (nec Hcyl.). 

annulatum Swinhoe (nec Bsduval.). 

12. N. trita trita Walker 62 

P.S.— In the British Museum I saw an old female specimen of N, ampli- 
jicafa AValker labelled Java, without further indication. It is a small species, 
entirely white, without any trace of dark markings on the wings. It is only 
known from Nias, and therefore the habitat “ Java ” is not unlikely to be 
wrong. 


B. SOME NEW OR LITTLE KNOWN MALAYAN SPECIES. 

Having examined the male genitalia of a number of Malayan species of 
Nyctenhera, it seems to me desirable to put on record some of the results. 
These arc frequently of the greatest importance in the separation and correct 
identification of the species, and therefore authors should, in future, give 
particular attention to this point. It is probable that a correct arrangement 
of the many species in subgenera would prove to be possible on this basis. 

1. Nyctemera diaphana sp. n. (PI. 2, fig. 6, text-fig. 14). 

(^?. Wings rather thinly sealed and therefore slightly liyaline. 

(J. Fore wing light greyish brown, with a broad, transviTsi* band reaching from 2;.S 
costa to inner margin, near torniis. 'J'his band is somewdiat broadened in the middle, 
Avitli its inner and outer border distinctly dentate, thus forming pointed ])roj(*ctions on 
the veins. A basal streak, somew^hat obtuse, is prescuit. Hind w^ing w ith the slightly 
I»rojecting, with the costa somewhat darkened, the outer margm with a rathf'r legular 
greyish band, tapering towards anal angle. The underside agn‘(‘s with the ujijier side. 

Antennae blacik, fairly long, strongly bipectinati* to the a])ex. Palpi and body as 
ordinarily in Nyctemera ; abdomen above grey, with the posterior borders of tergites whitish 
or yellowish. 

The species comes very near hyalina B.-Bak, from Arfak Mts,, 4000 ft., Nc*w (Juinea, 
of which I saw^ the $ type-specimen in the British Museum. 

The male genitalia (fig. 14) are remarkable on account of the extixmiely slender 
uncus -r tegumen and the simple valvae, which are rather short but end m a long, some- 
w'hat clavate process, which is turned up. The lower margin of valvais duplicated; the 
inner margin has a broad process directed inw^ards like an auricula, but it is a little removed 
from the base of the valva. 1'he aedeagus is rather short, straight and simple. 

Two 3*, hole- and paratypes, 44 and 46 mm. expansion, both from the 
Minaha.ssa, N. C'plcbes, in coll. Van den Bergh, Zool. Museum, Amsterdam. 
One (^, paratype, 48 mm., Malino-Goa, (-elebes, 1100 m., leg. Kalis, coll. 
Wageningen. This male has the white band in fore wing a little narrower, but 
no doubt represents the same species. 

One ?, allotype, 53 mm., G. Lampobattang, 1500 m., leg. Kalis, May, 1938, 
coll. Wageningen. This specimen agrees well with the described males, but 
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has the antennae less strongly bipectinate, the branches of the joints tapering 
towards the apex and not reaching it. 

2. N. lugens sp. n. (PI. 2, fig. 5). 

cJ. Wings sooty black, fore wing with a narrow white transverse band, interrupted by 
some black veins and reaching from costa to ng. In the paratypc tliis band is a littki 
narrower, consisting of some white spots, the spot in Cg being the largest. In the hind 
wing the black colour is confined to a very broad marginal band, covering about the outer 
half of the wing, the rest of the hind wing being pure white, with some grey scales just 
at the base. 

The male genitalia are exactly of the same type as in N. crameri Roepke from .Java, 
as described in the preceding pages (cf. ]). 53), showing clearly that both species belong 
to the same group. The similarity is so great that one might be inclined to consider 
lugvns as a subspecies of crameri if their general aspects were not so divergimt. 

Unknown. 

Two cJ, holo- and paratypc, both 39 mm., Todjambu, Central Celebes, 
1930, log. Toxopeus ; in coll. Wageningen. 

3. N. limbata sp. n. (PI. 2, fig. 2, text-fig. 9). 

J. Fore wing light giiwish browm, semi hyaline, with a narrow^ white, transverse 
liandfrom costa to inner margin; in it is slightly enlarged, including here a small patch 
of th(‘ ground-colour. At inner margin a small wdiite jiatch near inner border of nuirginal 
hand. Hind w ing with a broad marginal band of the light greyish brown ground colour 
and an irregular median band, b(»ginning broadly at costa, tapering towards anal area, 
not reaching anal margin. The latter to nn, light greyish. Cnder side the same as upper 
Ki<l(\ Antennae black, mod(‘rately bijiectinate, tapering towaids tip. Head, patagia, 
tegulae and notum light yelJowisli, with black dots. Abdominal tergites greyish with 
th(‘ hind borders w hitish yelhjw'. Anal tuft light brownish yellow. Legs uniformly light 
greyish. 

'file genitalia of this sjiecimiMi (lig. 9) are peculiar. The tegumeii is tiiangular, tl.c 
uncus long and slendiT, jioLnted, somewdiat directed downwards. Aedeagus straight, 
with some dark chitinous teeth and some other dark structures in its interior. The vaha 
is long(*r than broad; it consists of an upper and a lower part, the former mort^ stiongly 
( hitinized, blunt, w ith some small teeth along its free margin ; the latttT thickly hairy 
over its entire hmgth. Near base of uppiT margin a jirominent hook-shaped a])pendage. 
auricula, dimsely covered with long, straight hairs. I'hc internal structures in the* 
aedeagus and the strong hairy ajipearance of valva characterize these structures sulH- 
ciontly. 

One holotype, 47 mm., Mulino, 1100 m., Goa district, C. Celebes, June,' 
1936. Probably collected by Mr. Kalis, though I received it from another 
person. In coll. Wageningen. 

$ Unknown. 

4. N. infuscafa hifnscuta Hopffer (PL 2, fig. 4 text-fig. 11). 

Hopffer, 1S74 : 44 (^ : N. (Adobes. Snellen, 1879 : 73 : Celebes. Pagenstechi r, 

1897:439; id., 1901:129. Swinhoe, 1903:70 {suhvelata Walker). Seitz, 1915. 
269, pi. 29/ {velam nec Walker ?). Bryk, 1937 : 85 (velans nec Walker ?). 

Mr. Nieuwenhuis, of Rotterdam, has received a large series of a very dark 
Nyctemera from Nulion, Banggai Archipelago, near Celebes, consisting of 
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females only, with the exception of two males. This species seems to be the 
most common Nydeimeira in that region. I think that it belongs to infuscata 
Hopfifer, from N. Celebes, some similar specimens being in the Leiden Museum 
under the same name ; furthermore, I have a series of this insect from Central 
Celebes, with the white discal markings in both wings more prominent. 
Swinhoe (1902), Seitz and Bryk ascribe it. to vdans Walker (1864 : 200 ^ ; 
Celebes) ; the former figures Walker’s type-specimen, but from this figure I 
get the impression that velans and infuscata are not the same. V elans has 
the outer margin of fore wing less oblique, and the entire pattern of both 
wings is rather different. Seitz also figures what he calls velans, on pi. 29 f (J ; 
this figure fits better with our specimens from Banggai, but does not agree 
with Swinhoe’s figure of Walker’s type-specimen. In 1903 Swinhoe identified 
it with suhvdata Walker, also from Celebes, considering vdans as a different 
species. In order to clear up the situation a photograph of a pair from Nulion 
is reproduced here (PI. 2, fig. 4) ; this needs no further explanation. 

The genitalia of one of the two males were examined (fig. 11). They reveal 
the interesting fact that this species undoubtedly belongs to the tripunctaria 
group, the genitalia of both showing the greatest resemblance (cfr. text-fig. 8), 
though the moths have not the slightest similarity. Most authors even place 
them in quite different groups of the genus Nyctemera. The similarity of the 
two genital structures, however, is so striking that one should rather be inclined 
to consider infuscata as a subspecies of tripunctaria. 

5. Nyctemera clathrata clathata Vollenhoven (PI. 2, fig. 8 (J$, 
text-fig. 10). 

Vollenhoven, 1863:48 $ {Leptosoma dathratum): Amboina. Van Eecke, 1927: 
222 : Amboina, Morotai. 

Snellen van Vollenhoven’s type-specimen in the Leiden Museum is a fairly 
well-preserved female, on an old, large pin and not set up. There is a second 
specimen in this Museum, a male from Morotai, already mentioned by Van 
Eecke {he.), I have a male and a female from Tobelo, Halmaheira, leg. Van 
Dijen ; the male measures 41, the female 43 mm. ; both are figured here ; 
they agree well with the authentic material in the Leiden Museum. I am 
sure that Van Eecke is right when he says that all authors misunderstood this 
species, probably because they were not acquainted with it, and that the 
figures as given by Pagenstecher and Seitz are wrong. 

The insect is quite characteristic by the pattern on both wings, caused by the giey 
veins on the white background. In the hind wing a grey marginal band is present in 
the male ; in the female the marginal area is broadly suffused with grey. The abdomen 
has the tergites light grey with a white fringe at hind margin ; the underside is nearly 
white. Antennae in both sexes fairly strong bipectinate, black. The general coloration 
of the ? is a little darker than that of the (J. 

The male genitalia (fig. 10) show the uncus broadly dilated, strongly separated from 
the tegumen ; its virtual top is very short, pointed. The aedeagus is rather long and 
stout, straight and simple. The valva is longer than broad ; its apex is strongly bilobed ; 
both lobes are of about equal shape. Near base of lower lol)e a strong, short projection 
is implanted, at inner side of the valva. 
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EXPLANATION OF PLATES. 

Plate 1. 

(Approx. I natural size.) 

FIG. 

1. Nyctemera coleM coUta Cr., cJ, Lawang, E. ffava. 

2. y, haulm haidus iioisd., (J, W. Java. 

3. N, herklotsii heMolm Voll., Lerabang, W. Java. 

4. A. latistriga Iniislriga Walk., cj, W. Java. 

.5. iV. tripunctaria tripunctaria L., Depok, W. Java. 

0. A. /. tripunctariu L., »)ava. 

7. y. t. frtpunriaria L., $, Tjisuru, W. .lava. 

H. A. f, fripnnctaria L., $, Tjisuru. W. Java, 
i). iV. crameri vramori Rpke., cJ, Hlawaii, E. .lava. 

10. N, c, craineri Rpkc., ?, Idjen Plains, E. .lava. 

11. N, popiya popiya. Swiiih., $, Jav’^a. 

12. A. distineta f. anthrarhi urn Voll., (J, Rlawan, E. .lava. 

13. N. d. f. anthracimmi Voll., 5. Blawan, E. .Java. 

14. N. d, disthicia Walk., $, Tjihodas, W. .lava. 

1.5. A. popiya popiya Swinh., cJ, Tjisuru, W. .lava. 

10. S. p. popiya Swinh., Painegattan, W. .lava. 

17. A. distincta dMiicta AValk., $, (J. Lawn, (Vntr. .lava. 

15. A. J. distincta Walk., 9. Sukanngara, W. .lava.. 

10. A. popiya p(^piya Swinh., 9, (k Salak, W. .lava. 

20. A. trita- tritO' VValk., .lava. 

21. A. t. trita Walk., Djampangs, W. .lava. 

22. N. t. tnta Walk., 9» Kubankankung, W. .lava. 

23. A", t. trita Walk., 9. Pangondaran, W. .lava. 

24. tnaca/afa maralata Walk., <J, (r. Tjisuru, W. .lava. 


PliVTK 2. 

FJO. 

1. Xyrtf,/itfra tea aijdsria tcaaifascia Suoll., ({. Lawn, (\*!itr. .lava. 

2. .V. Hwbata Kpki*., holot\qms, Maliiio, (VI. 

.3. iV. latistrUja f. aahccuJa V(dl., q, h»cto-holoty])u.s, Mns. Leiden. 

4. A\ iafusrata infasrafa HoplT., (J9, Nulion, Ranggaai Isl. 

.5. X. hajens Rpke., holotypus, Todjanihu, (’entr. (.VI. 

0. X, diaphaa-a Kpke., holotypus, Minahassii, N. (VI., .Miis. AnistiTda in. 
7. A. UitiMrlya 1. leurostigata V'ol., holotypus, W. .lava, Mus. J^(‘i(l(‘n. 

5. X. chithata rlathrata V^oll. J9. rolx*lo, Halinahera. 

(Figs. 3 and 7 are slightly enlarged, the othei-s about natural size.) 


The Soeiet}’ is indebted to Professor lioepke for his kindness in defraying? 
the cost of these jilates and for arranging to have them printed in Holland. 
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OF A POLYMORPHIC MIMIC IN VARIOUS DEGREES 
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(Hope Department of Enionwlogyy University of Oxford,) 
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Variation and. mutation alone do not necessarily produce new species. After all, it is 
quite thinkable that such variation might le/id only to a single, interbreeding, immensely 
variable community of individunls. But this is not what we find, in nature. Mayr, E., 
1942, Systematics and the Origin of Species. Page 154. (Columbm University Press.) 

The butterflies of which an account is given in this study seem to present 


an example of such a community. 
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This study is based on personal experience of the*s])ecies in Uganda, on my 
own examination of 1665 museum specimens, and on M8. or published records 
of 221 other specimens, total 1881. 

I. Introduction. 

Puc^idacraca et(.rytn.s (L.) can justly dispute with PapiJio dardamts Brown 
the distinction, conferred upon the latter by E. B. Poulton, of being “ the most 
interesting butterfly in the world.*' 

Both frecpient light forest, or thick bush, in most ])arts of Africa, where 
such an environment is found, from the AVest ( Viast to Abyssinia, East and 
South-East Africa. The Pupdw occurs in JIadagascar, and a close ally in the 
Comoro Isles, but the Nyrniihaline is unknown from those localities. Both 
occur on the islands of the Gulf of Guinea, and the Papilio on Zanzibar and 
Pemba, but the Pscuddcraea is not known from those two islands. Neither 
have yet been found in Southern Arabia, zoologically part of the Ethiopian 
region although dardcinus occurs on the Golis mountains of Somaliland. 

Both are wmidcrful mimics, and here the Papilio must certainly yield the 
palm to the Nymphaline, wdiich is incomparably superior. The mdtlels are 
TRANS R. ENT. SOC. LOND. 100. PART 3. (jULY 1949.) 1 



72 


Professor Q. D. Hale Caipenter on 


found in the Danainab for dardanus and the Acrabidae for eurytus^ in the 
first case two genera being concerned (Danaus and Amauris), in the second the 
genus Bematistes only. 

The form of Papilio dardanus in Madagascar is sexually dimorphic to a 
minimal degree and is believed to represent the ancestral form. On the 
continent dardanus occurs in several races, of which the females, tailless, differ 
from the males by being mimetic. A primitive, maledike, female exists in 
Abyssinia, with others showing rudimentary mimetic pattern and tails in 
varying degrees of reduction. 

In the highlands of Kenya Colony the females are extremely variable ; 
hardly two are alike, and the stages of development of the fully mimetic form 
from the maledike, non-mimetic form, can be clearly traced. 

Pseudacraea eurytuSy on the other hand, is an equally perfect mimic in 
both sexes, but nothing is known as to its origin. Its forms may be sexually 
dimorphic or monomorphic, according to the condition of the numerous species 
of Bematistes which they mimic, sex for sex. Some forms are confined to the 
male, others to the female. One form of female, mimicking the female of a 
dimorphic BematisteSy by a change of colour (but not of pattern) is brought to 
resemble both sexes of another, monomorphic, Bematistes, In one locality 
there is only one species of model, sexually dimorphic, and the Pseudacraea 
corresponding to it is exceptional in that there are two colorations for the female. 
One resembles the female BematisteSy the other, together with the male, has 
the appearance of the male Bermtistes, 

The forms of eurytus were, of course, originally described as distinct species ; 
they are often extremely variable, which is a frequent occurrence among 
mimics, and this variability has been closely studied in Uganda. 


II. The Genus Pseudacraea. 

The full synonymy is given later (Section IV). 

Westwood (1850) separated from the hotch-potch of Diadema two sub- 
sections as follows : Discoidal cell closed in all the wings, which are thickly 
marked with a number of small black spots at the base on the underside. 
Those species with wings triangular were allotted to Panopea Hubner, namely, 
semire Fabricius, lucretia Cramer, hostilia Drury. Three with wings elongate 
we reput into a new subdivision for which the name Pseudaerwa was devised ; 
these were hirce Drury, euryta Linnaeus, boisduvalii Doubleday. Westwood 
wrote of these six species : “ The African species P. Lucretia, Semire and 
Hostilia indeed, agree tolerably well in general form and character with the 
typical species, but the style of their markings, especially on the underside of 
the wings, which are thicldy spotted with black, is very distinct. The admis- 
sion of these species, however, requires the introduction of P. Euryta, Hirce, 
and Boisduvalii, which, although possessing much longer wings (resembling, in 
fact, Acraeae much more than JSTymphalidae), have their undersides very 
similarly marked, their veins similarly arranged, and their palpi and antennae 
also alike.” It is interesting that Westwood, an opponent of the Darwinian 
explanation of mimicry, commented upon the resemblance to Acraeae in the 
length of the wings, but not the extraordinary likeness in colour and pattern, 
except for the basal spots. 



Pseudacraea mrytus {L.) {Lep. Nymphalidae) 


73 


The systematic position of the genus Pseudacraea requires further study. 
Aurivillius (1926), in the African “ Seitz,’’ makes no use of the section which 
Stichel, in the Palaearctic volume, calls Limenitidi, embracing Neptis and 
Limenitis, Fruhstorfer, in the Indo-Oriental volume, uses Limenitidi and 
Neptididi as two equivalent groups. Aurivillius, however, puts Pseudxwraea 
in his section Nymphalinae (embracing Cymotho'e, etc.), with Neptidinae next. 

The egg, larva and pupa of PseudcLcraea eurytus all suggest affinity with 
lAmenitis. The male genital structure, considered in detail in Section V, has 
a certain resemblance to that of some of the Oriental lAmenitis, less to that of 
the American and European species, and African species of Neptis, Thus it 
is at present difficult to say from whence Pseudacraea is derived ; it seems 
rather isolated. 

There is in Madagascar an endemic species, glaudna Guenee, non-mimetic, 
with green spots which in Pseudacraea are only matched by semire Cramer, 
ranging from West Africa into Uganda. These are the only non-mimetic 
species, for even hostilia Drury has a generalized Acraeine appearance on the 
underside. Now it is of interest that the aedeagus of glaucina departs in one 
respect from those of all other species of Pseudacraea, and in this respect 
approaches Limenitis, of which all the Oriental species examined have an 
aedeagus different from that of Pseudaeraexi (see Section V). 

Mimicry in the Genus Pseudacraea. 

The following table gives the mimetic relationships of the species, excluding 
the forms of eurytus, which are considered in detail later, and the two non- 
mimetic species glaucina and se^nire: 


(a) Species mimicking Danainae. 

M itnic. 

Ps. poggei poggei Dewitz 
,, ,, carpenteri Poulton 

,, lucretia forms 
,, deludens deludens Neave 
,, ,, echerioides Talbot 

,, doloinena pharm Fruh., 

($ —dolichiste Hall) 

(b) Species mimicking Acraeidae. 

Mimic, 

Ps. eurytus forms 
,, gottbergi neurnanni Thureau 
,, ,, gottbergi Dewitz 

,, boisduvali boisduvaliDoxihledsiy 
,, ,, trimeni Butler 

,, clarki clarki Butler 
,, ,, egina Aurivillius 

„ acholica Eiley 

„ dolomena dolabella Hall ) 

„ hostilia Drury 3 


Model. 

Danaus chrysippus aegyptius Schreber. 

„ ,, dorippus Klug. 

Amauris spp. 

,, echeria lobengula E. Sharpe. 

,, albimaculata interposita 

Talbot. 

„ niavius dominicanus Triinen 


Model, 

Bemaiistes spp. 

Bematistes poggei nelsoni Grose Smith 
„ elongata Butler 

Acraea egina egina Cramer. 

„ zetes acara Hewitson. 

,, orina orineta Eltringham. 

,, egina egina Cramer 

„ perenna Doubleday and Hewit- 

son, or A. egina 

A general Acraeoid appearance 



74 


Professor G. D. Hale Carpenter on 


It is seen that species of the one genus mimic species of four genera, two of 
which are Danaine and two Acraeid. It is interesting that the two Danaine 
genera and the Acraeid Beymtistes are mimicked by Papilio dardanus, but by 
the female sex only, so that in this case the “ parallelism ” is limited to that 
sex. 

IIL The Species Pseudacraea eurytus Linnaeus. 

The proverbial beauty of the “ White Admiral ” {Limenitis Camilla Lin- 
naeus), especially in flight, is shared by other Limenitids. Thus, in the dis- 
cussion of Limenitis bredowii Geyer (Carpenter and Hobby, 1944, p. 324), 
reference was made to observations that it is ‘‘ a warrior with a good deal of 
character ” and ‘‘ a regal butterfly of dignified demeanour and exclusive 
habits.” The common name “ Viceroy ” in America for Limenitis archippus 
Cramer speaks for itself. As regards Pseudacraea eurytus, Fruhstorfer (1903) 
in his (unfortunately inadequate) description of the form karschi, wrote that 
it is an extremely dainty species, one of the noblest of this noble genus and 
particularly characterized by the delicate colour and bloom of the wings, 
which the most consummate artist could not paint more exquisitely. The 
sheen on the wings of a fresh tinkensis or obscura never failed to arouse admira- 
tion when 1 collected, and Eltringham (1910, p. 75) wrote : “ The female Ps, 
rogersi has a blue iridescence which is visible on the upper surface of the wings 
when viewed in certain lights. This structural colour is also observable in 
some speciemns of the female of Psexulacraea hobleyi'' tirikensis]. fSeon 
alive, eurytus is obviously an aristocrat by comparison with its models, which 
look mean beside it. The alert bearing and graceful flight (like that of L, 
caynilla), the fine head with large palpi and graceful antennae, the strongly 
marked black spots on the underside, all compare very favourably with those 
features in the models. 

Pseudacraea eurytus, in my experience, frequents places in the forest where 
it can feed on flowering trees in the sun, and does not seem to frecpient heavy 
dark forest, although Mr. T. H. E. Jackson, in 1945, found it not so imcommon 
in the Ituri forest at Beni as seems to be indicat(Ml by its sc.arcity in collections 
(Jordan, 1912). On the Sese Isles of Lake Victoria J found it would come out, 
in the evening sun, to the edge of the curiously sharjily defined patches of 
forest on Bugalla and Koine Isles, and feed on the flowering bushes of Ilarun- 
gana ^tmlagascariensis ]jam. (see fig., p. 72, in Carpenter, 19206) in company 
with many other butterflies, including its models and other sjiecies of Psenda- 
craea. When collecting from such an assemblage 1 soon learnt to take the 
Pseudacraea first, for they were very shy and if disturbed never returned, 
whereas their models could often be picked off by hand and were not lost if 
a stroke of the net to catch Pseudacraea disturbed them a little. In short, the 
behaviour of eurytus correspomls with what theory demands of a true mimic 
in the Batesian sense ; moreover, they lack the toughness and vitality of their 
models, and have no strong odour. 

The Development of Knowled(je of the Conspecijicity of the Fortns, 

Hewitson (1868) figured on one plate, as forms of eurytus, the male and 
female of eurytus, the femaio ruhama and the female striata. Trimen (1869, 
footnote to page 515) wrote : ” After examining Mr. Hewitson's fine series of 
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this butterfly I am disposed to agree with him that it is at present impossible 
to separate the numerous forms which he has figured, with the exception of the 
female shown in the second plate, fig. 29, which appears to be a distinct species.” 
It is, in fact, Betnatistes epiprotm Butler. 

Hewitson (1872) described Diadema ruhama, male, as allied to D, eurytus 
and /). dolmmna. Butler (1873) described simulator as allied to Trimen’s 
imitator, and in 1874a described striata as “ quite distinct from Psemlacraea 
euryta” But he also describes “ another form figured by Mr. Hewitson 
(pi. 3, fig. 8) so evidently a mimic of my Phnenm elongata that I cannot resist 
naming it Pseudacraea metaplanema n.sp.” This was the female of ruha7na. 
In the same paper Butler describes a female as '‘Pseudacraea, epigea, n.sp* 
. . . possibly only a secjond form of the female ” of Pseudacraea "euryta'' 

Aurivillius (1891), while he ascribes Butler’s ^netaplanema to ruhatua, yet 
thinks that ruJmna and theorini differ from the others, considered as eurytus 
by Hewitson, by the transverse band of the fore wing running towards the 
posterior angle. It was by this longer oblique bar that in 1898 he divided the 
“ species ” into two main groups. 

Haase (1892, p. 42) cites several forms, and states that their right to be 
regarded as se])arate species must be determined by breeding. 

In 1894 Aurivillius placed consanguium as a form of theorini. Not until 
1911 was any further cAmsideration given to the conspecificity of these forms, 
when Jordan, from study of genitalia and of transitional coloration and pattern 
(A)nclud(‘d that there was no s])ecific difference between western, eastern and 
southern forms. Poulton (191 2d) wrote: “ Dr. Jordan’s discovery . . . 

led to the remarkalt>le conclusion that the sexually dimorj)hi(; Pseudacraea 
hohleyi, mimicking the sexually dimor})hi(5 Planema macarista in the Entebbe 
distrudi, was the same s])ecies as the two monomorj)hic Pseudacraeas flying 
in the same forests with it, viz. P. terra and P. ohscura, mimicking res])e(*.tively 
the sexually monomor])hic Planema tellas and P. paragea^ Poulton (1911, 
])p. 49G 8) su])])orted Jordan with evidence from the large collection made by 
V. A. Wiggins at Entebbe, in whi(;h there were specimens intermediate between 
hobleyi and terra, and between terra and ohscura. 

During 1911-1913 I was living on the Sese Islands of Lake Victoria, first 
on Damba, and then on Bugalla, and found Pseudacraeas abundant and 
variable*, with many intermediates between the above-named forms. More- 
over, different forms were seen flirting with each other, though never in copula. 
Thus, hobleyi J ])ursuing terra terra ^ pursuing tirikensis (=- hobleyi 9) and 
obscura ^ tlie V (Poulton, 1912a- rf). Having been urged l)y Poulton 

to obtain synepigonic series I ke])t a look-out for ovipositing females, and on 
June Kith, 1912, saw' a female, intermediate between obscura and tinhensis, 
dej)osit an egg on a sa])ling (Poulton, 1913a, p. cxv) which, when reared, pro- 
duced a terra (Car})enter, 1912). Subseciuent families, bred from knowm 
parents, firmly established the conspecificity of the chief Uganda forms terra, 
obscura, hobh^i and tirikensis (Var})enter, 1912, Ap])endix by Poulton ; Poulton, 
19136, c), and study of large collections from Bugalla Island (Carpenter, 1914) 
revealed many transitional s])ecimens. Unfortunately, no breeding has been 
done outside Uganda except in Durban, where there is only the one form, 
imitator. Schultze (1920) thought that eurytus, striata and ruhama would 
prove to be conspecific w hen bred ; he found eurytus $ in places frequented by 
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ruhama (J, and variations which suggested that theorini was of the same 
species* 

The Immature Stages. 

The first account of the life history was by Margaret Fountaine (1911) and 
concerns imitator. The larva when young feeds at the tips of the leaf, leaving 
the bare mid rib on which it rests. The figure shows paired spines, with the 
longest pair, branched at the tips, on the second thbracic segment projecting 
forwards on each side of the head. It fed on a Sapotaceous tree, Chrysophyllum 
nataUnse Sond. The pupa is long and thin, with long cephalic processes and a 
pronoimced dorsal projection, flattened at the sides and curved at the summit. 
A full description of the life history of the first Uganda specimen to be reared 
was given by Carpenter (1912) and illustrations of the larva and pupa can be 
found in Carpenter (19206, p. 262). The ovum was spherical but slightly 
flattened at the point of attachment, and at first is dull yellow ; the surface 
deeply sculptured into hexagonal cells. The first stage larva was dull greenish 
white, the head smooth shining black, and there were no processes whatever 
on the body or head. Immediately after hatching, before eating any part 
of the leaf, though it had eaten the eggshell, it took up a position along the edge 
of the leaf, and within a few hours had aflixed pellets of excrement to its back. 
When feeding it ate so as to leave a lateral vein of the leaf intact, still attached 
to its base, and rested on this bare rib, accumulating pellets of excrement on 
its back and around itself. The food-plant is a species of Chrysophyllum near 
hayei S. Moore. The first ecdysis produced a com})lete change in appearance 
and habits. The coloration became green and brown, with the posterior 
segments ashy grey. Paired spines arose on each segment, largest on the 
second. There was no change until the fourth ecdysis, the larva always resting 
at the tip of a bare rib and returning thither after feeding. When resting, the 
head and first five segments are raised from the leaf, and all that part behind the 
fourth pair of claspers is held up at a sharp angle, thus emphasizing the lateral 
ashy colour of that part of the body. The larva is very sluggish and rarely 
moves except for feeding. After the fourth eexlysis there was a great change 
in appearance ; the general colour was velvety purplish brown, and the spinous 
processes were enlarged, those on the fourth to ninth segments being trifid at 
the extremity. Those on the second segment became very thick and diverged 
upwards, outwards, and then forwards. The last pair became very large and 
almost leaf-like owing to lateral flattening. The green pupa corresponded with 
that of imitator. The long cephalic processes, immediately after the last 
larval ecdysis, were short, curved dorsally, and quite separate from each other. 
They, with the dorsal abdominal processes, became straightened out into their 
final shape, apparently by distension with fluid. 

IV. Synonymy. 

The literature concerning the species under investigation has proved to be 
very involved owing, firstly, to differences in interpretation of and by the early 
authors. Secondly, many writers chiefly concerned themselves with coloration 
and hence often failed to distinguish between model and mimic. Thirdly, 
sexual dimorphism led to different conclusions according to whether the 
approach was made from consideration of the male or female ; in the latter 
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case a number of Acraeines were available which could be confused, but in 
the former only one. It is obvious that in some cases authors had not studied 
the works to which they refer, of which the plates show obvious differences. 
It has, therefore, been necessary to pay considerable attention to Acraeine 
synonymy until the date when the two categories had been clearly differentiated. 

A. Generic name. 

The original name for the species was Papilio Barhams Eurytus Linnaeus 
(1768) ; this became (Linnaeus, 1764) Papilio Heliconius Euryta, Godart 
(1819) used the name Acraea (Fabricius, 1808) for insects wrongly included 
under eurytus by Cramer (1779), who mis-spelt it Eurita. Hiibner [1819] 
founded the genus for four species among which was included Cramer’s 

Eurita ; he also founded Panopea for two other closely related species, but it 
was preoccupied for Mollusca (M6nard de la Groye, 1807). Doubleday (1845) 
plac^ Eur^ under Diadema (Boisduval, 1832) ; this was preoccupied for 
Crustacea (Schumacher, 1817). 

The new name PUinema devised by Doubleday (1848) for a subgenus of 
Acraea included Euryta^ and thus perpetuated the confusion caused by Cramer. 

Westwood (1850) proposed Pseudacraea as a new subgenus of Diadema for 
three Nymphaline species, of which two were Hirce and Euryta, thus separating 
these from Panopea, also given subgeneric rank. Trimen (1869), however, 
combined these two groups under Panopea. Butler (1870) elevated Pseuda- 
craea Jio a genus. Scudder (1875) selected Euryta as the type of Hiibner’s 
Actinote, but Hiibner had adopted Cramer’s interpretation of Linnaeus’ name. 
That is to say, Hiibner used Actinote for two species of Acraeine, thus continuing 
Cramer’s mistaken usage of the name eurytus. The interpretation of Scudder’s 
designation of Euryta as a genotype in either the Linnaean or Cramerian sense 
is governed by opinion 168 of the International Commission on Zoological 
Nomenclature, which provides for such cases being submitted to that Com- 
mission for a decision. Acceptance in the Linnaean sense of Scudder's desig- 
nation would result in the transference to a Nymphaline of the generic name 
Actinote hitherto by common usage applied to Acraeines. Hemming (1936) 
prepared the case for the cancellation of Scudder’s desi^ation and a formal 
recommendation to this effect was submitted by Hemming and Riley (1946) 
to the International Commission on Zoological Nomenclature. Mr. Hemming 
has kindly informed me in lit. (dated 22.viii.48) as follows ; ‘'I can now tell 
you that the Commission considered this case (which was submitted to it by 
Riley and myself jointly) at its recent meeting in Paris, and agreed to use its 
plenary powers to cancel Scudder’s designation of Papilio eurita Cramer {recte 
Papilio eurytus Linnaeus, 1758) as type, and to declare Papilio thalia Linnaeus, 
1758) as the type of Actinote^ Hiibner, [1819].” Scudder also (1875) designated 
Hirce Drury as the type of Westwood’s genus Pseudacraea ; it is now clear 
that hirce is the male of Linnaeus’ eurytus. 

B. Trivial name. 

The first description (Linnaeus MS., 1751, in Aurivillius, 1882), the first 
published description (Linnaeus, 1758), and the first figure (Clerck, 1764) all 
referred to black and white females. 
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Linnaeus MS., 1751 : “ Papilio fuscus alia fascia alba, nigro-striatis, pos- 
ticis punctis 10 atris. — Magnitude media. — Alae rotundatae integerr. fuscae. 
Alae anteriores supra fuscae, fascia transversa alba brevis in medio ; macula 
striata alba ad inarginem interiorem ; maculae 6 s. 7 versus basin ; subtus 
similes. Alae posticae supra fuscae basi ferrugineae ; disco versus basin albo, 
striis longitudinal ibus nigris ; puncta atra versus basin 9 s. 10. 

“ Corpus nigrum. Caput et thorax punctis albis adspersa. Abdomen 
subfeiTugineum punctis nigris.” 

Linnaeus, 1758: ”Eur 3 "tus. 180. P[apilio| Bfarbarus] alis integerrimis 
rotundatis concoloribus fuscis nigrostriatis : fascia alba ; posticis punctis 
decern atris. 3.” 

“ Habitat in Indiis. 

Alae ]')osticae basi ferrugineae, disco versus basin albo striis nigris 

The MS. description by Linnaeus clearly refers to the Nymphaliiic in the 
collection of Queen Ludovica Ulrica which was figured by Clerck and is still 
extant. The 1758 description omits the abbreviation “ M.L.l^.,” which is 
used in the diagnoses of other species, su(^h as No. 164 Phidias, to signify their 
presence in the Queen’s colle(^tion. Thus we have no certain knowledge of the 
material that he was considering when framing the 1758 devsc.ription apart 
from that provided by the internal evidence of the description itself which is 
on the same general lines as that of 1751. The published description omits 
the important ])hrase maculae fi s. 7 versus basin ” from the account of the 
fore wing, therebj^ making it possible to contend that ifinnaeus was not exm- 
sidering the Nyrnphaline. On the other hand, referring to the hind wings, 
he uses the words “ punctus decern atris,” which, as Aurivillius (1882) says, 
must be taken to refer to the Nyrnphaline. 

Therefore Linnaeus ( 1 758) seems to us to have adapted his 1 75 1 MS. descrip- 
tion to cover composite material, (bllaborating with Clerck (I7fi4) in his 
study of the Queen’s collection he restricted the name eurytus to the N ymjihaline 
which was illustrated, and also in his published account (1704) of the same 
material, which he elaborated by pointing out that there are two distin(^t 
white areas on the fore wing. It should be noted that Linnaeus first wrote 
eurytus and afterwards euryta. The following lu^tes, kindly supplied by the 
Rev. Prof. L. W Grensted, T).D., concern the sjielling of the name. “ The 
name should he written eurytus and not imryta. It is not an adjectival form, 
but a proper name, used of a king in Ovid (Metanhor phases 9 : 356) and of a 
centaur {Metaynorphoses 12 : 220) and therefore stands in a])])()sition to the 
generic name and does not take its gender. Parallel cases Matiiolatiihoyius 
L., Coeyionympha jxitnphilus Jj.” The description in tlio twelfth edition of the 
Systeyna Naturae (1707), because of the references, obviously applies to the 
Nyrnphaline black and white female. Muller's German version (1774) of 
Linnaeus (1767) calls the insect “ Der Schwarzstrich.” Fabricius (1^5) 
(juotes the 1767 description almost verbatim, and also refers to the 1764 account 
whicli has just been shown to a})ply to the Nym])haline. His reference to 
Seba’s (UfJO) figure as representing euryta is therefore rather odd, seeing that 
it depicts a completel}^ clifferent butterfly from a Dutch colony in America. 
Appeals to competent authorities at the British Museum (Nat. Hist.), American 
Museum of Natural History, and the Amsterdam Museum, have failed to 
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establish its identity. Fabricius’ error is corrected by Goeze (1779), who gives 
Euryta the name “ Zehnpiinkte,” and by Herbst (1790). 

Cramer (1779) establishes the trivial name epaea for the brown male now 
considered to be the model. He figured a black and white female, now known 
as Bemastistes umbra rmcaria F., as equivalent to the eurytus of Linnaeus, but 
adds for the first time a supposed male, which is in fact a female Bertyalistes of a 
different subspecies, now known as Bemastistes umbra umbra Drury. Cramer’s 
work, published in parts (Sherborn, 1902, Index Anim., Sect, prim., xx) bears 
the date 1782 on the title-page. Some later authors appear not to have recog- 
nized this fact, which has an important bearing on the priority of names, 
notably epaea vis a vis yea. Fabricius .(1781 ) in regard to euryta makes no 
advance on his i)revious publication. He describes a brown male as yea, but 
there is intrinsic evidence from the wording that the description is composite ; 
thus the subapic.al spot of the fore wing is stated to be ‘‘ interdum divisa ad 
apicem,” which suggests both Acraeine and Nymphaline. He writes also of 
the insect itself variat interdum basi omni alarum nigro punctata,” a phrase 
which has almost the aj)pearance of an afterthought and has ap])arently led 
some authors, who did not regard the last sentence as part of the original 
description, to restrict the name to the Acraeine, which will be shown to be 
(Varner’s ejxiea. 

Drury (1782) establishes the name hirce for his figure of the male Nympha- 
line and alludes to the black spots at the l)ase of the fore wing by which it is 
now known that the Nymphaline is readily distinguishable from the Acraeine. 
Jones (1784, unjniblislied ; with later annotations) figures a male Nymphaline 
as hirce, which he (?(juates, rightly in part, with the composite yea of Fabricius. 
He also considers his own figure of hirce Drury to be the same as (Varner’s 
figure of epaea. This is clearly wrong, because (.’ramer’s figure does not show 
Drury’s basal fore wing s])ots and does show division of the subapical spot. 
Jones also figures two other butterflies similar to those illustrated by C Varner 
(1779) as ])ut thinks that they represent different species, a})plying 

Drury’s name umbra (1782) to the brown male ” \recle female | while retaining 
Cramer’s application of the JJnnean name eurytus to the l)lack and white 
female | macarki |. 

Fabricius (1787) after his revised descri]>tion euryta cites (Vainer’s figures, 
but mistakenly includes a third figure V. which represents a Pierid. He had 
previously (1775) cited the accounts by Linnaeus (17G4, 17fi7), which certainly 
embrac.ed the Nyni])haline but, influenced by Cramer, he now omits from his 
account of euryta everything that might result in the inclusion of a N}’inphaline 
under that name. 

Grnelin’s thirteenth edition of Linnaeus (1790) repeats the last Linnean 
des(jription with minor verbal differences, citing in addition leferences to 
Fabricius without correcting his errors. Herbst’s mteipretation (1790) of 
eurytus as indicated by his figures and descriptions is that of Cramer. His 
lack of critical discussion of his references, one of which is to Clerck’s figure, 
shows that like Faliricius and Gmelin he failed to appreciate that the name 
eurytus had been applied to Nymphaline and Acraeine. Fabricius (1793), 
discussing euryta, (piotes the first part of his 1775 description and publishes as 
a synonym the name timandra, whic.h he had applied in MS. to Jones’ figure 
(1784, 2 : pi. 25), then considering it to be a new species. This figure he now 
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thinks represents euryta, whereas it actually depicts a female epaea Cramer, 
the model. He further confuses the issue by citing Cramer’s figures \recte w. 
vmbra, u, mamria and a Pierid, Delias thy she thy she Cramer] and those of Seba. 

In his consideration of gea the only references cited are two figures of 
Nymphalines, while in the description, by alluding to the subapical spot as 
being sometimes divided, he includes the Acraeine epam, 

Palisot de Beauvois (1805) accepts Cramer’s interpretation of euryta and 
figures a female [recte aldnoe] which he equates with Cramer’s female eyryta 
[recte mamria\ 

Turton (1806) apparently follows Fabricius (1793), but cites only Cramer 
and Jones (1784, 2 : pi. 25). He repeats Fabricius’ lapsus calami of including 
Cramer’s figure of a Pierid. Godart (1819) accepts Cramer’s conception of 
euryta, but points out that the habitat is Sierra Leone ” and not “ les Indes.” 
In regard to the males of the model (epaea) and mimic (eurytus) he perpetuates 
the previous confusion and introduces a new source of error by his citation 
of Fabricius’ description of {Acraea^ jodutta as the female of epaea, which he 
calls gea, Lucas (1835) adopts Godart’s interpretation of euryta, namely, 
that of Cramer, but figures a female alcinoe, thus misidentifying Cramer’s 
figure, which shows a female Bematistes umbra mamria, Westwood (1837) in 
his revision of Drury’s previously mentioned work replaces hirce by the Fabri- 
cian name gea and couples it with a new description, applying solely to the 
Nymphaline figured. In the table of synonyms, which he does not discuss, he 
includes references to the males of both model and mimic and to Acraea jodutta 
as representing the female. Doubleday (1845) correctly distinguishes Clerck’s 
eurytus as the true one, calling it Diadema euryta>, differentiating it from Godart’s 
euryta, which is the same as Cranmer’s. He suggests that hirce is the male of 
Clerck’s eurytus and describes it. 

Doubleday (1848) having established Planema as the name of a subgenus, dis- 
entangles epaea from its Nymphaline implications and associates the brown male 
and wliite female as one species, which he calls gea. He points out that a speci- 
men marked by Fabricius as gea in the Banksian collection has associated with 
it another butterfly, which is really hirce Drury and the male of eurytus Lin- 
naeus. Under Planema euryta he puts (framer’s figure \recte macaria female] 
associating it with the male macaria of Fabricius. He correctly separates 
Cramer’s supposed eurytus male as Planeuya urnbra. He remarks that the con- 
fusion in the minds of previous authors, as far back as Cramer, could have been 
avoided by attention to anatomical details. 

Westwood (1850) establishes as a subgenus of Diaderna, including 

hirce and euryta as separate species. Hewdtson (1867) figures as eurita a number 
of species of Acraeine as representing variants of Linnaeus’ eurytus, which he 
interprets in the same sense as Cramer. Further (1868) he uses the name 
Dmde^m. eurytus for figures of a male and three forms of a female Nymphaline, 
rightly associating Drury’s male hirce with Clerck’s female eurytus, Hewitson’s 
obscure allusions to “ the typical variety described by Linnaeus ”... 
“ the tjq)ical specimen in the Linnaean cabinet ” . . . “ the Linnaean 

type ” make confusion worse confounded. It may be said here that the female 
of Bematistes umbra macaria now in the collection of the Linnean Society at 
Burlington House bears a label in J. E. Smith’s handwriting “ Euryta 757. S. 
Leone F.B.,” which indicates that it was collected by Smith’s servant Francisco 
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Borone, who is known to have visited Sierra Leone, and added by Smith to 
Linnaeus’ collection. It is not, therefore, a Linnean t)rpe. 

Trimen (1869) considers Acraea euryta in the sense of Cramer and Hewitson 
and therefore suggests retaining “ the appellation of Hirce for the Panopea'' 
Butler (1870) uses Planema as a generic name iorgea which he restricts to the 
Acraeine, specifying that the “ supposed variety ” of Fabricius is Pseudacraea 
euryta. He independently confirms Doubleday’s (1848) association of the 
male macaria of Fabricius with the black and white female of Cramer, calling 
it Planema euryta, Kirby (1871) treats Acraea euryta as an Acraeine, citing 
many of the references already given for this interpretation and adds as 
variants alcinoe and vestalis (Felder, 1865). The male and female Nymphaline 
are named Pseudacraea hirce. Mabille (1876) refers to Acraea euryta, citing 
Palisot de Beauvois’ figure [recie alcinoe] and adds that there are varieties other 
than those represented by Hewitson. The Nymphaline is discussed as Pseuda- 
craea hirce. Plotz (1880) uses .4craea eurita in Cramer’s sense and equates 
Panopaea euritea [sic] of Clerck with hirce Druce. Aurivillius (1882) gives an 
extremely important clarification of the confusion, establishing the Linnaean 
eurytus as a Nymphaline and segregating those authors favouring the Acraeine 
interpretation. 

Mabille (1886) gives a figure of a female alcinoe, repeating Palisot de Beau- 
vois’ error of equating it with Cramer’s female macaria. The occurrence of 
any species of Bematistes in Madagascar has never been confirmed. Tylor and 
Skertchly (1886) figure as '^Panopoea hirta ” a female of Pseudacraea eurytus, 
citing as its model a female Bematistes alcinoe, which they call Acraea yea. 

Trimen (1887) still uses the trivial name hirce for both sexes of Psemiacraea 
eurytus. Moschler (1887) follows Kirby’s comprehensive citation under Acraea 
Euryta L. Staudinger, Schatz and Langhans (1888) continue to apply the name 
euryta to an Acraea. Aurivillius (1891) maintains eurytus L. and hirce Drury 
as distinct species. Haase (1891) figures females of a N 3 rmphaline audits 
model, calling them respectively hirce and gea. In 1892 he places B. alcinoe 
and B. vestalis and B. umbra under Acraea euryta, as varieties. The English 
edition (1896) mis-spells euryta as eurypta.^' Schaus and Clements (1893) 
record a species as Planema- euryta^ citing Linnaeus’ description (1764), oblivious 
of the fact that this description certainly embraced the Nymphaline. Karsch 
(1893) still continues the use of Acraea euryta L. by recording under that name 
a specimen like one of Hewitson’s figures, which is n^ally Bematistes u. umbra. 
Aurivillius (1893 : 49) in a footnote protests against the continued usage of 
''Acraea- Eurytus L.,” maintaining that in 1758 Liimaeus specified that the 
hind wings have ten black spots, a number smaller than that of any Acraea 
but characteristic of Pseudacraea. Obertliiir (1893) discusses Pse^adacraea 
eurytus and hirce as though they were different species, using the name eurytus 
for male and female specimens. He figures the female, equating it with 
Hewitson’s figure 8 \recte ruhama]. 

Aurivillius (1898) gives a most useful synonymic list, with bibliography, 
including the species which have been discussed, thus clearing up the confusion 
and establishing the nomenclature for the future. He lists Butler’s epigea 
and his own new bieolor as aberrations of eurytus L., but considers imitator 
Trimen, simulator Butler, fulvaria Butler, ruhama Hewitson, theorini Auri- 
villius, with its ab. consanguinea Aurivillius, and striata Butler as distinct 
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species. It may be added that at a later date (1912, in Seitz) he admits the 
possibility that all these are conspecific. 

Table I shows the synonyms of Pseudcuyraea eurytus L. and species confused 
with it. The names used by the authorities cited in the second and third 
columns are given in the first column. Our interpretation of the species 
embraced in these accounts is indicated by letters in the appropriate columns 
under their modem names. These letters have the following significance : 

c, one or more citations to earlier accounts without figures. 

d, repetition of an earlier description. 

f, reference to a figure. 

D, original or revised descriptions. 

F, original figure. 

V. The Male Genital Armature. 

Dr. Jordan (1911) came to the conclusion that the forms of eurytus which 
he examined showed no appreciable differences in the male genital structure. 

A greater number of forms, over a wider area of distribution, has been 
examined during this study, and confirms Jordan’s conclusion that there is 
no specific differentiation. 

The general appearance of the armature is shown by fig. 5 ; the only parts 
that call for comment are the claspers (valves) and aedeagus. The former, in 
all forms of eurytus, are without any teeth ; they are simple elongated lamellae 
pointed at the distal end. 

The aedeagus has a characteristic annular thickening around its distal end 
which, mid-ventrally, is elongated into a small upcurved papilla, well shown 
in lateral view in figs. 1 and 3, and from the dorsal aspect in fig. 4. 

The same character is shown in other species of Pseuducraea (see figs. 10 - 
18), although the annular thickening is not always clearly shown. A ventral 
view is given in fig. 14. 

These other species of Pseuducraea show considerable differences among 
themselves ; the valves are quite simple in semire Cramer (fig. 10), ]>ut in 
hostilia Drury (fig. 11) and dolomena Hewitson (fig. 12) there are small teeth, 
which in gotthergi neurmnni Thurau (fig. 14), poggei Dewitz (fig. 16) and 
boisduvali Doubleday (fig. 17) reach formidable proportions, while in darhi 
Butler (fig. 13) and lucretia Cramer (fig. 15) they are fairly large. 

The valve, or clasper, in boisduvali has a unique structure in the form of a 
hook projecting downwards from a ridge on the inner surface and facing 
anteriorly. This, together with the shorter and deeper proportions of the 
clasper, quite separate Pseudacraea boisduvali from the other members of 
the genus. Lastly, glaudna Guen., confined to Madagascar (fig. 18) has 
valves not very dissimilar from those of semire (fig. 10), but the aedeagus 
seems to lack the annular thickening and has the papilla considerably developed 
so that it approaches the elongated shape of the end of the aedeagus in Oriental 

Figs. 1-9, forms of Ps, eurytus : 1, eurytus; 2,fulvaria ; 3, terra ; 4, hobleyi ; 5, mimo- 
ras; 6, victoris ; 7, rogersi ; 8, conradti ; 9, imitator. Pigs. 10-18, other Pseudacraea: 
10, semire; 11, hostilia; 12, dolomena; 13, darki ; 14, gotthergi neumanni ; 16, lucretia; 

poggei ; \1 , boisduvali ; 1%, glaudna, J^ios. 19-27, species of austenia, 

Moore ; 20, libnites. Hew. ; 21, lyncide^ Hew. ; 22, danava Moore ; 23, zayla Dbldy. ; 24, 
daraxa Moore ; 25, triverm Moore ; 26, lycone Hew. ; 27, lymire Hew. All on same scale. 
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species of Limmitis (cp. fig. 27). This may be a significant indication of 
ajBBnity. 

A number of Oriental Linienitis were examined to see if their genitalia 
throw light on the relationship of Pseudacraea, 

The anatomy of some North American species was figured by Eltringham 
in Poulton (1914), and that of L, bredomi Geyer and of some species of Adelpha 
by Carpenter (in Carpenter and Hobby, 1944, p. 325). There is evidently 
little resemblance in the (jlaspers, of which the humped outline is very dilferent 
from that of Pseudaaraea, The aedeagus was not figured. But in the species 
of Oriental Lirnenitis now figured the aedeagus shows generic difference from 
that of Psmdaaam ; it lacks the annular thickening and papilla, and merely 
tapers gradually to a narrow elongated point, sometimes upcurved, sometimes 
straight. Some of these Linhenitis, however, show some likeness to Pseuda- 
Gram eurytus in the simple, elongate, clasper, as in L. austenia Moore (fig. 19) 
and £. Ubnites Hewitson (fig. 20), while L. danava Moore (fig. 22) shows some 
likeness to Ps. gottbergi nemnanni in the narrow form and distal teeth. 

The structure on the internal surface of the clasper, to which attention 
was directed in Carpenter and Hobby (1944, pp. 324-5) is entirely absent 
from Pseudacram, but present in various degrees of development in some 
Oriental Lirnenitis (figs. 20, 23-27). 

Two European Lirnenitis, Camilla L. and populi L. showed little resemblance 
to any species of Pseudacraea in their claspers. 

It was thought that forms of Pseudacram eurytus might be separable by 
female genitalia. A preliminary examination, however, showed that there 
was little difference between even two such distinct species as eurytus and 
lueretia and the subject was followed no further. 


VI. Fokms of eurytus. 

The various forms of Pseudacraeei eurytus will now be discussed seriatim : 
I have added a number of new forms to those which Aurivillius included in his 
''Eurytus group ” (1898 and 1925). This was divided into two sections : (1) 
The front wing has two pale areas separated by a dark bar ; one an oblique 
subapical bar, the other an imier-rnarginal patch of very varied size ; occa- 
sionally the subapical band is absent. (2) The front wing has a median band, 
usually touching the apex of the cell, extending posteriorly beyond vein 3 and 
often reaching the inner margin and joining the pale area along that margin. 
If the band does not touch the cell it is more directly antero-posterior, and 
extends at least to vein 2. But it can be seen from the series of plates that this 
distinction is broken down by such intermediate stages as are shown on Plates 
I, III, IV, V, VII. Indeed, Pseudacram eurytus provides many examples of 
what seems to be a deeply seated principle in pattern, namely, that a subapical 
dividing bar very readily breaks down, or is thinned away so that the two 
separated pale areas become continuous. This can be seen even in the one 
form rogersi on Plate VII, figs. Gl-63. The dividing bar seems to be a recent 
development not always stable. Other species, such as Acraea jodutta F. 
show the same variability, and A. alciope Hew. male, and A. disjuncta Smith 
show the rudiments only of the anterior part of this bar. 

It is, in this connection, worth while referring to an observation on the 
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development of the black pigmentation in the imago of Papilio dardanus 
Brown, a female of the form hippocoon F., which was noted while the colours 
developed a few hours before emergence. Colours begin to show through the 
pupal skin 24 hours before emergence of the imago ; at first there is only a 
black rim around the front wing rudiment, but by degrees the black invades 
the central area and cuts off an apical from a basal white area (see Carpenter, 
1914, Proc, ent, Soc, Lond, 1913 : liv). This would seem to be a case of onto- 
geny recalling phylogeny. 

The general distribution of eurytus is shown by the map (p. 106), and it is 
of some interest that the first described, and therefore the norninotypical form, 
probably has the widest distribution. It extends from the River Gambia to 
northern Angola, well into the Congo, and along the mountains separating 
Uganda from the Sudan. The detailed distribution of each form will be given 
in a later section. 

The ground colour of all the forms is fuscous, corresponding in most cases 
to the “ Vandyke brown ” of Ridgway (1912), but in some, especially the darker 
forms of female, is “ bone brown.” For future colour names the reference 
to Ridgway will be omitted, his name being simply given in inverted commas. 

The pattern consists of a subapical oblique bar on the front wing beyond 
the cell and an inner marginal area ; these may fuse, through the breaking 
down of the intervening dark bar, into a single band across the wing from costa 
to inner margin ; in the form striata the band has disappeared. The hind 
wing shows a dark unspotted border of varying width with a central paler 
area. There is often a triangular basal area on the under surface of a strong 
reddish brown colour, which may also be shown on the upper surface. Five 
prominent roiuided black spots in the cell of the front wing and another at 
the base of area 16 readily distinguish any form of eurytus from its model. 

A number of smaller black spots at the base of the hind wing, while not 
exactly copying those of the models, give much the same effect. The long inter- 
neural dark streaks on the hind wing, finely pointed proximally, are a prominent 
feature ; the presence of two of these in area Ic at once distinguishes a eurytus 
from its model or from other species of Pseudarraca except dolomena Hewitson, 
and this can be separated by the white rings around the spots on the front 
wing. The head and eyes are large as compared with the models, and the large 
palpi, yellow below with black tips, and black above, also aid identification. 
The long, graceful, antennae are very gradually thickened. 

In the following account of the separate forms, which can be distinguished 
in this protean species, the form name alone wdl be used, to avoid wearisome 
repetition of "'eurytus'' 

(1) eurytus L., 1758. 

The name has suffered many changes in the older writings, having been 
written as euryta, eurita, euritea and even eurypta. 

The female, which was the sex described by Linnaeus (see Plate VTII, fig. a) 
is figured on Plate VI, fig. 1, and the male, described as hirce by Drury, on Plate 
I, fig. 1 (see also figs. b1, n2). This form has also been figured by Olerck (1764, $, 
see figs, ol, c2), Drury (1782, (J^), Jones MS. (1784, cJ), Westwood (1837, ^J), 
Hewitson (1868, 9 ), Tylor and Skertchly (1886, 9 ), Haase (1891, 9 )? Eltringhani 

(1910, (J, 9 )> Aurivillius (1912, 9 )- A remarkable aberration was figured by Jones 
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(1785) and is reproduced as figs, nl, n2, together with a photograph of Clcrck’s 
figure, for which I am indebtf'd to Bodley’s Librarian, Oxford, the book being 
in his charge (figs, cl, c2.) 8ee PI. Vlll. 

The pattern is the same in both sexes, except that the pale area of the hind 
wing in the female is contracted into a band across the basal half. The pale 
areas are “ ochraceous tawny ” in the male, pure white in the female. On 
the under surface of the female the base of the hind wing is occupied by a tri- 
angular area, coloured “ orange rufous,” extending half way along the cell and 
not (|uite half way along the costal margin. This highly imi)()rtaut feature in 
the mimetic appearance, a characteristic aposeme in the model, will be known 
in future as the basal triamjle ; it varies in extent and colour in the different forms. 
It is often much less developed in the male eurytus, and the figures of Drury 
and Westwood exaggerate it. On the upper surface in th(^ female it is very 
poorly developed. 

This form is, I think, the ancestral one from which others have, been derived : 
Jrs wide distribution through West Africa, and its present comiiarative invari- 
ability point to great age. Tliere is, however, slight variability in the width 
of the dusky bar separating the pale areas on the front wing and in the mah* speci- 
men figured on Plate I, fig. 2, this has broken down so that the two areas arc? 
continuous, producing an obvious stage in the transition to nihama (fig. 5), 
through figs. 3 and 4. A male from Bitje was noted as having the subajiical 
pale area very small. It is noteworthy that whereas in the male model the sub- 
apical area often has a small posterior portion cut off by a black partition, this 
is iK^ver the case in eurytus. The differeiK^e may have been the cause of' the phrase 
inter dam diinsa^^ used by Linnaeus, suggesting that in framing liis descrijition 
he had before him both model and mimic. 

An interesting female in the Booth Museum, Brighton, from tliirty miles 
south of Trumu in the (^ongo has the white areas slightly tinted yidlow, esp<*cially 
on th<*, inner margin of the fore wing and at the base of the hind wing. On the 
underside there is a well defined reddish brown basal triangle reaching to tlie 
middle of the cell but extending along the costa. This s<Hjms transitional to 
the form jacksoni described in this pajier from Western Uganda. 

The model for eurytus is Beniat isles ejpaea epaea (yVanier, sex for sex. 

(2) ruhama Hewitson, 1872. 

This variable form connects eurytus with striata : it was described Jrom a 
male as “ nearly resembling fig. 28 of A. Euryta in my Exotic Butterjlics,'* 
This figure shows the species now known as Bematistes eUmqata Butl(*r (see the 
table of Synonymy). A male ruhama corresponding to the ty|)e is shown on 
Plate 1, fig. 5, and variants at figs. 3, 4, (i, 7, the last passing easily into theorini : 
the typical female is shown on Plate 111, fig. 28, and variants at figs. 27 and 29 ; 
there is transition to consanyuinea in fig. 27 and to ejmjea in fig. 29. The male 
has been figunnl by Aunvillius (1912); the female by Hewitson (18G8) and 
Eltringliam (1910), all in colour. 

The ciiief character of tlie male raJiania is the narrow and only slightly bent 
transverse band on th<^ fore wing from costa to vein 2, where it meets a vaguely 
defined “ochraceous orange inner-lnarginal area, somewhat suffused with 
dusky sc, ales. The greater jiart of the hind wing is of the same colour as the inner 
marginal area, and the dusky border is fairly well define,d and narrow. There 
is no basal triangle, below or above. 

In the female the pale baud on the front wing is wider and the inner- marginal 
area is well (hifined and narrowed to become a continuation of the band behind 
vein 2. The anterior portion is “ ochraceous buff,” considerably paler than the 
posterior which, like the hind wing, is “ ochraceous orange.” There is no basal 
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triangle, Butler’s name metaplanema was applied to Hewitson’s figure, one 
of his four forms of “ Diadema eurytus , now known to be the female of the form 
ruhama. Schultze (1920) described as ab, latefasciata a female from South 
Camerun. The baud is 12 mm. broad and extends basally into the inner part 
of the cell, and its margin is almost circular. 

The male ruhama passes easily into Iheorini and so to striata by diminution 
of the transverse band : on the other hand such a sp<‘,cimeii as is shown on Plate 
II, fig. 11, suggests that enlargment of the band, with (*ondensation of the inner- 
marginal area to continue the band posteriorly, may be a stage in the production 
of f vivaria, as shown at fig. 12. The specimen illustrated at fig. 11 has the 
well dev(iloped basal triangle of fulvaria beneath, and a slight suggestion of a 
white disc^al bar, as \\\ fvlvaria. 

The iriodifi for the form ruhama is Bematistes elonyata Butler. 

(3) consanguinea Aurivillius, 1894. 

This is described as differing from the female of theorini by “ having the 
entire basal half of the fore wing to the apex of the cell and the middle of vein 
3 yellow brown ; there is no distinct hind marginal spot ; corresponds exactly 
to Planema consanqvinca Auriv.” 

The figure of Planema consanguinea given by Aurivillius (1912) agrees well 
with the specimen figured on Plate III, fig. 26, which is obviously closely allied 
to ruhama. 

(4) striata Butler, 1874. 

This form has the least jiattern of all the forms : it was described as having 
the front wings smoky brown with the interno-median area diffusely tawny ; 
the hind wings tawny with a smoky brown outer margin. 

A male agreeing with the type is shown on Plate I, fig. 10, and a female 
on Plate III, fig. 21. This form has also been figured by Hewitson (1868) 
Eltringham (1910) and Aurivillius (1925), all in colour. 

The pale (mlour seems very slightly darker than the ochraceous orange ” 
of eurytus and ruhama, owing to thin suffusion with brown scales. On the 
under surface tlie basal areas are “ ochraceous orange ” while the peri])hery is 
much paler than the “ Vandyke brown ” upper surface, especially on the hind 
wing which may be decidedly whitish. This concentration of the orange colour 
at the base of the hind wing is very marked in some specimens and almost produces 
a basal triangle. 

The form striata is extremely variable : on the one hand, in the male it 
passes through theorini into ruhama. (figs. 9 to 6, Plate I), while variations in the 
female produce other forms, one of which, shown at fig. 25, Plate III, seems 
vsufficiently distinct to deserve a name, and is described below. 

The s])ecimens shown at figs. 23 and 24, Plate ITT, have the usual ‘‘ ochraceous 
orange ” modified into a paler colour, especially well shown in fig. 23, where 
tliere is a discal area of “ warm buff ” on the hind wing and a tra(;e of a band of 
the same colour on the fore wing in areas la, lb, and 2 on tlie disc. The under- 
side shows a definite “ ochraceous orange ” basal triangle, with a distinct “ warm 
buff ” discal band. 

The model for striata is Bematistes vestalis Felder. 

(5) stavelioides forma nova. 

The female shown at fig. 25, I^late III, is the type of this form. The basal 
half of each wing is yellow, c-orresponding with Kidgway’s ‘‘ deep chrome,” 
which radiates almost to the margin of tlie front wing in areas la, 16, and 2, 
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and deeply into the border of the hind wing. The rest of each wing is “ Vandyke 
brown.” The under surface has the same pattern except for a basal triangle 
of “orange,” but the general colour is paler. 

This form corresponds beautifully to the form stavelia Suffert, of Bematistes 
vestalis Felder, as figured by Aurivillius (1912). 

(6) youbdonis Ungemach, 1932. 

Described from a unique male as having the base of each wing “ brun orange 
vif,” bordered by a diffuse area, narrow in the front wing, wider in the hind 
wing “ d’un jaunatre clair,” beyond which the rest of the wing is of a uniform 
grey-brown. 

The specimen figured on Plate III, fig. 22, seems to correspond fairly well 
with this description, save that the yellowish area beyond the basal orange 
brown (Kidgway’s “cinnamon rufous”) is rather indistinct. The dusky peri- 
pheral area of the underside is paler than above : the ‘‘ cinnamon rufous ” at 
the base of the hind wing makes a distinct basal triangle. 

This form is obviously derived from striata, and a number of West African 
specimens have been seen which link striata with it, they have the “ cinnamon 
rufous ” area of the hind wing rather more extensive, and not bordered by the 
yellowish suffusion of youbdonis, 

(7) theorini Aurivillius, 1898. 

This form seems to be, in the male, a transition from ruhama to striata, with 
a quite small subapical yellowish band in areas 3 and 1 and no definite inner 
marginal pale area (see Plate I, figs. 8 and 9) . 

The female has a larger subapical band, of 3 -5 mm. width : the specimens 
shown at figs. 43 and 44, Plate V, seem to agree with the descrij)tion. The 
base of the hind wing below is “ cinnamon rufous ” but merges gradually into 
the brown distal area, so that there cannot be said to be a basal triangle. These 
two specimens, through that shown at fig. 42, grade into fig. 41 , with an unusually 
large subapical band, and brown inner-marginal area on the front wing which 
thus links theorini with consamjmnea. The aberrations cpiyeoides and obtuse- 
dentata of Strand (1914) may be individual variations. 

Fruhstorfer’s karschi (1903) seems to belong to theorini, but 1 agree with 
Aurivillius (1925) that the description is inadequate. 

(8) epigea Butler, 1874. 

This is a female form, but Butler’s description is so muddled that it gives 
no clear definition. However, the type is available, and the specimen shown 
at fig. 30, Plate TIT, agrees with it. 

As Butler points out it is somewhat like the male eurytus in colour and pattern. 
The pale areas are “ ochraceous orange.” Points to notice are : (1) The shape 
of the inner-marginal area of the front wing, which does not enter the bases of 
areas la, 16, and 2 ; (2) the rather wide, and very dyslegnic, dusky border of 
the hind wing ; (3) the underside of the hind wing has a basal triangle of “ orange ” 
(developed to different degrees in other specimeiis) bordered in areas 6 and 7 
by a paler yellowish zone. These features distinguish epigea from its somewhat 
similar derivative terra. It seems, from fig. 29, that epigea may have been 
derived from the female of ruhama : like the latter, it is a large form. 

Specimens occur with the same pattern, but with the pale areas of a lighter 
shade, especially on the front wing, Kidgway’s “ warm buff,” as shown at fig. 31, 
Plate IV. By means of such a specimen as is figured at fig. 32 we get a transition 
to the female of fulvaria, fig. 33. 



Pseudacraea eurytus (L.) (Lep. Nymphalidae) 


(9) fulvaria Butler, 1874. 

Described from the male as having a ‘‘ broad strongly angulated tawny 
band, widening from subcostal nervure to inner margin on the front wing, 
and the hind wings “ with central area tawny ochreous from subcostal nerve 
to inner margin, deeper at base.” A specimen corresponding with the type is 
shown at fig. 12, Plate II. The angular band is “ ochraceous orange,” as also 
the base of the hind wing, but there is a slightly paler suffusion between this 
and the Vandyke brown ” broad border. On the under surface the basal 
triangle is “ ochraceous tawny,” and better defined, and the pale suffusion 
makes a whitish band : the front wing is the same as on the upper surface. 

Fulvaria is an extremely variable form in the shape of the angular band. 
Eltringham (1910) figures a specimen which, as he says, is not typical : it would 
fit in as an intermediate between ruharm and the specimen shown as fig. 11, 
Plate II. A specimen in the British Museum (Natural History) has the front 
wing band greatly reduced anteriorly so that it is barely shown in front of vein 
3, there being only a rudiment at the base of area 4, and another at the end of 
the cell. 

The female fulvaria was described as having on the front wing “ an oblique 
broad creamy band from costal nervure to just below the second median where 
it becomes obsolete but is represented by a greyish nebula on centre of first 
median branch and reappears as a creamy ochraceous patch on inner margin.” 
The hind wings have a black-spotted greyish ochraceous base and a central 
diffused creamy band from costa to inner margin, which is ochreous. On the 
underside “ H.W. basal area bright tawny with black spots as in male.” Fig. 
33, Plate IV, shows a typical 8})ecimen : fig. 32 is transitional to it from epigea, 
and fig. 34 shows transition to simulator. 

The basal part of the hind wing, and the inner- marginal area of the front 
wing are ‘‘ warm buff.” There is no trace of a basal triangle on the upper surface, 
but it is present below, of ” ocJiraceous tawny ” colour as in the male. 

The form fulvaria was described as mimicking the two sexes of Brmatistes 
formosa Butler, but as Eltringham (1910) pointed out, this is an error, iorfornwsa 
has a narrow white discal band on the hind wing. Eltringham suggested that 
the male Bematistes consanguinea Aurivillius, would be a better model for the 
male fulvaria. As regards the female, Jordan (1911) figured a number of 
Bematistes of approximately the appearance of fulvaria. 

(10) smw/afor Butler, 1873. 

The description of simulator from a female, omitting unessential details was as 
follows ; ” F.W. with basal area blackish . . . ; a broad white band nearly 

equal in width throughout . . . crosses the centre of the wing obliquely 

from costal nervure to below centre of first median intersjiace ; three white 
rays on inner margin. 11. W. with base tawny . . . ; a broad externally 

diffused white band crosses the wing from inner margin to costal nervure, and 
is about twice as broad at its lower as at its upper extremity . . 

A female corresponding fairly well with the ty^ie is shown at fig. 35, Plate 
IV : the posterior part of the white band of the hind wing is a little masked 
by “ ochraceous tawny.” The basal triangle is well shown above and is still 
larger below, it is ” ochraceous tawny.” The general ground colour of the upper 
side is slightly blacker than the “ Vandyke brown ” hitherto considered and 
corresponds with Kidgway’s “bone brown.” The female simulator differs from 
fulvaria, with which it is closely connected by intermediates, by reduction of 
the posterior part of the pale bar of the front wing and by whitening of the discal 
pale area of the hind wings. There is also greater development of the basal 
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triangle. (See fig. 33, Plate IV). Butler noted dmulator as ‘‘ A remarkable mimic 
of Acraea (Planema) Euritea Those interested to know what species he 
meant will find the Synonyinic Table a guide ; it was probably macaria F. 
which at that date included macarista Sharpe. 

The male simulator is shown as fig. 15, Plate II ; it is obviously linked with 
fulvaria (fig. 12), through specimens shown as figs. 11 and 13, by clarification 
and condensation of the whitish scales on the disc of the hind wing into a definite 
but narrow white band. The “ ochraceous orange band on the front wing is 
more sharply elbowed in area 3 than in fulvaria. There is a conspicuously 
large “ ochraceous tawny ” basal triangle on the upper surface, even larger 
below, where it covers all the cell and extends beyond the middle of the costa. 

An atypical simulator is figured by Aurivillius (1912). The model for this 
form may well be Bemahstrs excisa Butler. The name simulator was wrongly 
used by Grose Smith (1889) for specimens from the East African coast quite 
difPerent from Butler’s ; they are of the form described as rogersi by Trimen 
(1908). The '' togoensis ” of Bart/id (1905) appears to belong to simulator: 
the form tirikensis to which Aurivillius assigned it (1912) is not known from 
West Africa, except the extreme eastern fringe of the Belgian Congo. Griinberg 
(1910) figures what he thinks is Bartels togoensis, but the figurii and description 
Gorres])ond with a form of tirikensis with the basal triangle reddish (vide infra), 
whereas Bartel’s togoensis -= simulator. 

(11) hohleyi Neave, 1904. 

The original description of this male form compared it with kiinotvi Dewitz? 
figured by Eltringham (1910), but that is a dilTerent spt'cies from eurgtus, easily 
distinguished by having only one inter-nervular ray in area Ic of the hind wing, 
and the different shape of the front wing band; this in hohleyi is much broader 
anteriorly than in simulator with which it may w(dl be compared, and from which 
hohleyi is probably derived (see Plate II, fig. 17). 

Coloured figures of hohleyi were given by Eltringham (1910), Punnett 
(1915) and Carpenter (1920a and h). Urn^oloured by Neave, 1906, (Carpenter 
(1914, 1924, 1930), by Griinberg (1910) as “ togoensis,'' and Tenniel Evans (1946). 
The white band on the hind wing is much wider than in simulator and is pure 
white throughout. There is a small basal triangle on the upjier surface of the 
hind wing, in shade dilferent from that of simulator, being “ Kaiser brown.” 
The triangle is very much larger on the under surface, though not quite so large 
as in sim ulator : the “ Kaiser brown ” colour lacks the suffusion with darker 
scales which obscures the true colour on the upper surface. 

This form is normally confined to the male sex : Neave (1904) alluded to 
a female ” of this species ” differing ” in slightly larger size and in greater width 
of orange bar of fore wing.” This is now known as poggeoides Poulton (vide 
infra). Very rarely a female specimen is found in which the pattern and colora- 
tion of the bar across the front wing is that of hohleyi. This is produced chiefly 
by the distal outline of the basal black of the front wing which in poggeoides 
cuts through the tip of the cell, running through the two distal black spots. 
Thus the end of the cell is orange, reproducing the pattern of tirikensis, but with 
white replaced by orange (see text-fig. 28 a). In hohleyi, however, the edge of 
the black does not join the two distal spots in the (*e]l, but runs from the outer- 
most more directly forwards to the costa, so that the basal black occupies most, 
or all, of the apex of the cell. Specimens of hohleyi, however, show variability 
in this character, even in the same locality, and also in the breadth and depth of 
colour of the band. Some might even be called male poggeoides, but the grada- 
tions are so small that it is difficult to separate them into two categories as either 
hohleyi or male poggeoides. On the other hand, female specimens with hohleyi 
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pattern are apparently very rare, and better defined. I have only seen two 
specimens, one, in the collection of Mr. T. H. E. Jackson, from Kakarnega, 
Kenya Colony; the other from almost the same locality (Ilala, ii(‘ar Mninias) 
in the National Collection (see text-fig. 28 ti). 



Eltriughain (1910) noted that hohleyi was the “eastern re2>r<‘seiitative ” 
of simvlator . PIat<^ II shows that it can be derived from simulator just as the 
latter can be derived from fulvaria. The chief difTerence is th(‘ anterior widening 
of tlie band on tin* front wing, the develojiment of the white hind wing liaiid, 
and a change in the tint of the basal triangle. 

This form is fairly stable • variations are in the shape of the anterior portion 
of the front wing band, and the development of yellow on the hind wing band, 
leading to heutuantha and opisihoxaiitha. The model is Bematistes macarista 
wacarista Sharjie, and the mimicry is perhaps one of the best among all the 
forms of curytus. A form of macarista having the anterior portion of tin* liar of 
the hind wing yellow instead of white was described as macarista rileyi by Le 
Doux (19J7). This is af)])ro})riately mimicked by an iind<‘scribed variation of 
hohleyi, to which 1 now giv<* the following name . 

(12) hemixantha forma nova. 

As hohleyi, excejit that tin* anterior part of the bar across the hind wing is 
of the same colour as the bar on the front wing, as shown in fig. 19, Plate II, 
which is the ty])e specimen. The amount of “ oc.hraceous orange ” on the hind 
wing may be less than in the type or may increase to the degree seen in the 
next form. 

(13) opisthoxantha Carpenter, 1921. 

The whole of the band on the hind wing is of the same “ ochraceous orange ” 
as that of the front wing. See Plate IT, fig. 20. It is also figured by (^arpenter 
(1924). This form, in other respects, is like hohleyi' it was first mentioned by 
Poulton (1911, p. 497) as an occasional aberration of hohleyi, but recent investi- 
gations (vide iufra), show that it plays an important part in some areas. The 
model in Western Uganda may be Bematistcs pseudearyta C. and 8., but this 
is not common and the inter-relation recpiires more investigation. In Eastern 
Uganda, the model is B, ayanice uyandae van Someren. 
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Casual comparison of figs. 11 and 20, Plate II, might query the justification 
for separate names. It may be pointed out that fig. 11 represents a Western 
specimen, derived homfulvaria and ruhama, as shown by the shape of the narrow 
front wing band, the absence of a basal triangle above, and the “ ochraceous 
tawny ’’ large triangle below. On the other hand opisthoxantha has the broad 
front wing band of hohleyi, and, like that form, shows a Kaiser brown ” basal 
triangle above, and a larger one of the same shade below. 

(14) infumata forma nova. 

This is another derivative of hobleyi, having the dusky border of the hind wing 
much widened so that it greatly narrows the white band. In addition, what 
is left of the band is strongly suffused with yellow anteriorly, so that there is 
only hft a narrow white area from the end of the cell to the anal margin. The 
replacement of white is less marked on the under surface. The type specimen 
is shown on Plate II, fig. 18. 

(15) kilnowoides Carpenter, 1930. 

Differs from hobleyi by the sharply elbowed front wing band, which is much 
narrowed anteriorly : its colour also is darker, being “ ochraceous tawny ” 
rather than “ ochraceous orange.” The large hind wing band is pure white as 
in hobleyi. At the anal angle of the hind wing there is a small suffusion with 
orange. This form is shown at fig. 16, Plate II, and comparison with figs. 12 
and 15 shows that the darker, narrower, and more angular ])and comes from the 
fnlvaria-simnlator pattern. But the small dark basal triangle on the u})per 
side is like that of hobleyi rather than simulator : on the underside it is also that 
of hobleyi in colour. These characters detract from resemblance to Bematistes 
macarista, the model for hobleyi ^ but as I showed in 1930, give kunowoides a 
resemblance to a form of the quite different species Pseudacraea yottheryi. The 
nomino-t 3 qiical yottberyi Dewitz, has a narrow brownish orange band on the 
front wing and one of the same colour on the hind wing, and mimics Bematistes 
elonyata Butler, male. A form kiinowi, originally described as a distinct species, 
occurs ill the eastern Congo, with a narrow white baud on the hind wing ; this, 
in Uganda, is much wider in the form neumanni Thurau ((yarjienter, 1930), 
and it is this form which kmiowoides resembles. This is discussed later. 

(16) iirikensis Neave, 1904. 

This form is closely linked with hobleyi^ and tin*, following quotation from 
Eltringham (1910) is given “ P. hobleyi presents a very interesting case of sexual 
dimorphism. The female was first described from three examples, two of which 
were at first thought to be males, and the species was named tirikensis. A 
further examination, however, assisted by the acquisition of more material, 
showed that the form tirikensis was always female, and further that hobleyi 
was always male. As the two forms always occur togethcT, there can be little 
doubt that they are the sexes of one species for which tln‘ name hobleyi, originally 
given to the male form, must stand.” Proof of this Was furnished by synepi- 
gonic families (Poulton 1912, 1913a). 

Neave ’s description and figure shows that typical tirikensis has an oblique 
subapical white bar cut off from a very small inner-marginal area on the front 
wing, hardly more than the “ three whili rays ” mentioned in Butler’s description 
of simulator. There is a broad dark border to the hind wing, and (on the upper 
surface) a basal area of the same “ bone brown ” colour as the rest of the dark 
parts : the median white band is rather narrow. On the under surface the basal 
triangle is large, extending half way into the cell and half way along the costa : 
it is of the same ‘‘ Kaiser brown ” colour as in hobleyi. 
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A typical specimen is shown on Plate IV, fig. 38 : other figures are given by 
Eltringham (1910), Punnett (1915), Carpenter (1920a, 6), in colours : uncoloured 
figures by Carpenter (1914, 1924, 1930), and Tenniel Evans (1946). The tran- 
sition from simulator to tirikensis is very easy, and well exemplified by a West 
African specimen recorded as hohleyi $ by Holland (1920), which Dr. Michener 
kindly sent to me to study: it came from Belgain Congo, Medje, 27° 15' E., 
2° 25' N. The fore wing is almost that of typical tirikensis, but the inner- marginal 
white patch is smaller and more duskily suffused. 

Another specimen, also kindly lent by Dr. Michener, from Gold Coast, Huni 
Valley, has a complete white band on the fore wing, as in fig. 39, Plate IV. Both 
these western specimens, however, reveal themselves as simulator by the red- 
brown colour (Ridgway’s “ ochraceous tawny ”) of the basal triangle above and 
below, whereas in typical tirikensis it is blackish above and Kaiser brown ” 
below. The usual tawny colour of the anal part of the hind wing of simulator 
is reduced, in the Medje specimen, to a trace at the anal angle only, and cannot 
be seen in the Gold (.oast specimen. 

The form tirikensis shows interesting variations, departing in three directions 
from the type: (a) The white marks on the inner margin of the front wing are 
only suggested by the faintest possible suffusion with white, as in fig. 37, (cp. 
fig. 36). (b) They are so much increased that there is a broad continuous white 

band with faint dark streaks across it in areas la, Ih, as in fig. 39. (c) The 

basal triangle shows distinctly a reddish shade on the upper surface, as in fig. 39, 
(and in Eltringham’s figure). Variation a produces much greater resemblance 
to the model, Bematistes macarista Sharpe, female. : indeed, as with hohleyi, 
the mimicry is about the best among forms of eurytus. 

Variation b detracts from likeness to the chief model, but reference to Jordan’s 
figures (1911) shows likeness to others. 

Variation c is particularly interesting as evidence of the derivation of tirikensis 
from simulator, in which the basal triangle is very consi)iciionsly reddish above 
(Plate IV, figs. 35- 36). 

R<‘ference must be made here to a coloured figure by Jones (1785) of a peculiar 
aberration, un-named by him, and said to be in the Fraucillon collection. It is 
reproduced now as figs. dI, d2. It seems unlikely that the specimen should have 
come from the haunts oUirikcnsis, which were not collecting places for butterfiies 
at that time. Yet I have seen no specimen from West Africa resem})liiig this one, 
which is certainly nearest to tirikensis and ])robably a form of simulator. It 
was not named by Jones. It will be noted that the figure of the under surface 
sliows a pattern on the front wing like that of fig. 39 on Plate IV. 

(17) poffyeoides Poulton, 1913. 

This IS an inter(\sting female fojm, first mentioned by Xeave (1904) and 
Poulton (1911, ]). 496) as a female of hohleyi, with the colouring of the male. 
It is shown as fig. 40, Plate IV. It has also been figured in colour by Carjienter 
(1920a and h, and 1924 uncoloured). The name poyyeoides was ap])lied by 
Poulton to “ female forms with the pattern oi tirikensis, but a fore wing colouring 
approximating to that of hohleyi. it would probably be found when a long 
series was examined, that the orange bar of poyyeoides was paler than that of 
hohleyi, just as poyyei nvlsoni was, in this respect, paler than macarista 

The long series is now available and establishes this point : the colour of the 
front wing bund corresponds to Ridgway’s antimony yellow.” It will be 
noted that the form of the band is that of tirikensis, and its posterior end varies 
as in that form : a unique specimen shown at fig. 58, Plate \^I, corresponds to 
the tirikensis shown at fig. 38, Plate IV, whereas the typical poyyeoides is nearer 
fig. 39. The band in poyyeoides is more oblique anteriorly, and has a more angular 
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outline in area 2 than in typical hobleyi. The differences in the band of poggeoides 
and hobkyi, and their respective models, can be seen in the coloured plates under 
the references Carj)enter 1920a and b, and the uncoloured in Carpenter, 1914 
and 1924. The model for poggeoides {Bematistes poggei nelsoni Grose Smith), 
is also figured by Eltringham (1910); it is monomorphic, so that here we have a 
female form of eurytus mimicking male as well as female of its model. (N.B . — 
See previous remarks on “ male poggeoides ” under hobleyi.) 

Since writing the general account I have recently (January, 1949) had the 
privilege of seeing the fine collection of Mr. T. H. E. Jackson at Kitale, Kenya 
Colony, and discussing with him these yellow and w^hite forms. It is clear 
that there are males and females of both hobleyi and poggeoides, the usual sex 
for hobleyi being male, and female for poggeoides. The difference, shown by 
figs. 17 and 40, lies in the shajie and colour of the band on the fore wing. In 
hobleyi the outer margin of the basal black makes a rounded curve rather than 
a definite angle and there is only a minute triangle, at the end of the cell, of the 
orange band. In poggeoides the black base is sharply angled so that the edge 
meets the costa nearer the base of the wdng, leaving a larger, yellmv triangle 
at the end of the cell. The shape of the black basal area is that of a tirikensis, 
in which the white band reaches maximal development (fig. 39) ; as Poulton 
originally pointed out, poggeoides is tirikensis with the fore wing band yellow 
instead of white. In female hobleyi the shape is that of the male hobleyi, and 
the colour is the same orange. As in other forms of eurytus in Uganda and 
East Africa there is considerable variability, but typical hobleyi are clearly 
separable from typical poggeoides in both sexes. Mr. Jackson has taken male 
poggeoides in the forests on the west coast of Lake Victoria ; the females have 
been found in Lotti forest on the Acholi mountains of the Southern Sudan, in 
Budongo and Kalinzu forests of western Uganda, in the forests round Entebbe 
and on the Sese islands, and in the eastern province of Uganda. The form is 
proportionately commoner to the east, and the only captures by Mr. Jaidcson 
in the forests of Kakamega, Kenya (yolony, to the east of Lake Victoria, have 
been of this form where he has also taken a female hobleyi. The predominance 
of the yellow or orange l)anded females in this loc.ality is in ac^cord with the 
absence of a black and white female of Bewahstes. 

(18) nrinw-ras Ungemach, 1932. 

Figured in colour by Ungemach : I have not studied a specimen. There is 
an oblique orange band across the front wing just beyond the cell with a greyish 
discal area on the hind wing. The female has the orange band bright(‘r and larger, 
but not going beyond vein 2 : there is also a narrow dusky white inn(*r-marginal 
area. The hind wing in the male has a grey area r(‘])lacing the white band, 
which occu])ies most of the wing in the female, except for a deep brown basal 
triangle. 

On the under surfiice in both sc.^ces there is a red-brown basal triangle. This 
fine form mimics Bematistes poggei ras Ungemach, figured by Ungemach (1932). 

(19) lachesis Ungemach, 1932. 

Described and figured from two females. The front wing has a rather oblique, 
triangular, white band, wider on the costa and reaching very nearly to the margin 
along vein 3 : ther<‘ is a small inner-marginal whitish area crossed with black 
streaks. The hind wing is as in rnimo-ras, with a white discal area, but between 
this and the black border there is a grey band 3 mm. wide. 
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(20) cpaeoides Ungemach, 1932. 

Described and figured from one female as differing from eurytus in the following 
points. The pale areas are “ jaune d’ocre pale.” The oblique subapical band 
is wider, does not touch the cell and reaches the costal margin along all its width 
of 6 mm. The inner-marginal area extends to 7 mm. from the outer margin, 
and along the posterior margin of the cell as far as the root of vein 3, and along 
that vein for half its length. The black border of the hind wing is narrower 
than in eurytus. On the under surface there is no basal triangle, but “ les bases 
des intervalles 7 et 8 de I’aile post, sont orange.” This form seems to have 
some affinity with the following. 

(21) terra Neave, 1904. 

Described as ‘‘ dusky brown, heavily marked with dull ochraceous yellow,” 
and allied to eurytus, by which is meant that the front wing has subapical and 
inner-marginal areas com])letely s(‘parated. The inner-marginal area is large 
and, as in eurytus mah* (but not female), occupies the base of area 2, and often 
the extreme base of areas Xa, \ h. This differentiates terra from eplyea : another 
point of difference is that terra has on the under side of the hind wing, neither 
the basal dark<‘T triangle nor the paler zone distal to it ])ossessed by e/piqea : 
there is only a very small area of darker orange anterior to vein 8. The pale 
areas are “ ocJiraceous orange.'’ Both sexes are alike ; a female is shown as 
fig. 48, Plate V. (Generally s] leaking this is a very stable form, wonderfully 
mimicking Bematistes tellus eamelis Jordan, which is figur<*d by Eltringham 
(1910). Oth<*r illustrations oX terra are to be found in Eltringham (1910), Punnett 
(1915), (^ir])eiiter (1920 a, and h) in colours; uncoloured figures are giv<*n by 
Oarjieiiter (1914) and Teiiniel Evans (194()). 

Variation is shown, especially on the Sese Islands ((Virpeuter, 1914), in the 
black bar s(‘parating the two ar(‘as on the front wing, as shown by figs. 49 and 
50, Plate V • the latter seems to be the “ ab. impleta ” of Gruuberg (1910, fig. 7). 
This s])ecimen is an obvious iiiternnHliate between terra and tinkensls, for on 
the under surface it has a well defined basal triangle, and the band on th(‘ front 
wing IS almost white aiitt*ri()rly. intermediates between mah‘ terra and hobleyi 
c,aii also b(* distinguished by the development of a basal triangle and, often, 
a wliitish band distal to it on the under surface. 

\5iriatiou in colour, but not iii jiattern, by dark suffusion of the orange areas, 
coiUKH'ts terra with the form next to be described. 

(22) ohscura Neave, 1901. 

Described as “ dusky brown dusted With lighter brown." The jiattern is 
as ill terra, but the jiale areas, of slightly lighter colour than in terra, are dusted 
with s(*ales of the general ground colour, which is of a greyer brown than the 
“ Vandyke brown ” usual in forms of eurytus and corresjionds with Ridgway’s 
“ Saccardo’s uinlier." The ty])e sjiecimen shows no definite basal triaaigle. 
this, however, is developed to a certain extent in some specimens, but of a 2 >aler 
tint than m hohJeyb or ttrikeiisis. The female was descrilx'd as iialcr than the 
male. 

This form is figured on Plate V, fig. 47 • a previous colour(‘d fignn* was given 
by Carpenter (1920u, b). The form figured as ohscura by Tenniel Evans (1940), 
will now be known jaehsuui Crpntr., his “ iuntator'^ shows a sjieidinen agreeing 
with ohscura. There is no very apt model, but in projiortion as ohscura grades 
into tin* form next to be described it resembles the Uganda race parayea Smith 
and Kirby of Beuiatistes epaea, figured by Eltringham (1910). Neave’s ohscura 
is a stage in transition from terra to the form next to la* described, and grades 
very finely into terra, so that few quite alike. 
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(23) grisea forma nova. 

This has usually been discussed under obscura, but the time has come for it 
to be distinghished. Male and female are much alike, save that, as in ohscuray 
the female is somewhat paler. 

Ground colour lighter than usual in forms of euryius, of a greyish brown, 
corresponding with Ridgway’s ‘‘ Saccardo’s umber.’' The front wing has an 
oblique pale yellowish (“ light buff ”) subapical bar, well beyond the end of the 
cell, not quite reaching the costa and extending posteriorly to the inter-neural 
streak in area 3. There is diffuse dusting with “ light buff ” in areas la, 16, 
just extending across vein 2 into area 3. The hind wing has the margin of “ Sac- 
cardo’s umlx^r ” but almost immediately, internally, it becomes suffused with 
“ light buff ” progressively more towards the base, which is of the same tint 
as the subapical area. 

The under surface is much the same except for a small basal triangle of 
yellowish brown corresponding with Ridgway's ‘‘ mars yellow ” : this hardly 
enters the cell and does not extend half way along the costa. The type, a female, 
is figured on Plate V, fig. 46. This form goes with Bematistea ejyaea paragea 
Smith and Kirby : it is, however, variable, and specimens much darker than 
the type match dark specimens of paragea y such as Eltringham figures (1910). 
Form grisea is also figured by Carpenter (1914, though the specimens often grade 
into ohscura), 

A remarkable specimen is shown at fig. 45, Plate V, in which the pale areas 
have become almost wholly suffused with the general ground colour, except 
for a small and indistinct subapical bar. The ground colour is browner than in 
grisea and ohsevray of the tint “ snuff brown.” Such a specimen as this perhaps 
led Aurivillius (1925) to discuss obscura as a form of theorini, 

(24) jacksoni forma nova. 

This is a localized form, obviously closely related to obscura and grisea y 
but with the pale areas contracted and more sharply defined. Male and female 
are similar. 

The ground colour is Ridgway’s “ Vandyke brown.” The front wing has 
a very small oblique area at the base of area 4, extending into ])art of the base 
of area 5, of Ridgway’s “ ochraceous buff,” and a faint suffusion with this colour 
extends into area 3. A small area of the same colour occupies the middle of 
areas la and 16, extending forward into area 2, but not into its extreme base. 
The hind wing is mainly “ Vandyke brown ” but the anterior half of the cell 
and the base of areas 6 and 7 are “ ochraceous buff .” The under surfaci*. shows 
the buff areas slightly larger ; the oblique bar on the front wing extending to 
the outer margin at the end of vein 3, and the greater part of the cell of the hind 
wing being pale. The anterior margin of the cell and the base of the hind wing 
in front of it define an area of ” mars yellow ” which is quandrangular rather than 
triangular as it extemds very little outwards on the costa. The type male is 
shown at fig. 70, Plate VII. A figure of a specimen of this form is given by 
Tenniel Evans (1946) as obscura. This distinct form is a very close mimic of a 
corresi)onding form of Bematistes epaea, in the same localities. 

(25) hicolor Aurivillius, 1898. 

An extremely beautiful form with the subapical area brilliant shining white 
ill the female : the other pale areas of a very rich golden orange, corresponding 
with Ridgway’s “ zinc orange.” 

The ground colour of the female is blacker than usual, even darker than the 
“ bone brown ” of tirikensis, and matches Ridgway’s “ aniline black.” The 
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narrow border of that colour on the hind wing is sharply defined. There is no 
basal triangle, even underneath. The male has the subapical bar much reduced, 
and only a little paler than the inner-marginal “ zinc orange : on the under 
surface it is almost white. In the female the subapical area is almost rect- 
angular, and broader in proportion to its length than in terra : it is nearly as 
wide in proportion as in epigea. This form is discussed by Griinberg (1910, p. 168). 

The female is shown as fig. 59, Plate VI, and the male as fig. 60. This form 
was figured under the name “ schubotzoides ” by myself (Carpenter, 1935), and 
by Tenniel Evans (1946) : this name must sink as a homonym. 

The model is Bematistes tellus schuhotzi Griinberg, figured in the last named 
reference. 

(26) ruwenzorica Griinberg, 1912. 

This highly remarkable form was described and figured from a single specimen, 
and no other has been recorded. A reproduction of the original figure is given 
in Carpenter, 1948. The ground colour is described as v(‘lvety black : the 
base of the front wings is suffused with brownish red extending from the inner 
margin to cover most of the cell but not extending outwards into area 3. The 
subapical band is broad and extends from the costa to just in front of vein 2 ; 
in area 3 it is 9 mm. broad and almost reacdies the outer margin, but in area 2 
it is only 5*5 mm. broad and is thus angled. The band does not enter the bases 
of areas 2 and 3, nor the cell : it is bright ochre-yellow. The inner-marginal 
area, also bright (xdi re-yellow, is small and consists of two parts, that in area 
la measuring 6*5 mrn. m width, that in area 16, 4 rum., reaching to vein 2. It 
is remarkable, seeing that large collections have been made on Ruwenzori, that 
no other specimen is known. The model, Bematistes quadrirolor latifasciata 
E. Sharpe is plentiful. 

(27) vlctoris Eltringham, 1910. 

Described and figured in colour, from a female : this is the only female 
1 have been able to examine. The greater part of the front wing was described 
as sitiiina brown : the colour corresponds with Ridgway's “ hazel.” The apex 
and a bar running from the tornus to the origin of vein 5, are ‘‘ bone brown ” ; 
as also the broad border to the hind wing. A well-defined basal triangle on the 
hind wing of “madder brown” is somewhat vSulTused on the upper surfaie 
with dusky scales : it extends half way into the cell and a little more than half 
way along the costa. Between it and the dark border is a wliite discal band, 
much narrowed at the costa, and shading off externally into the dark border. 
The under surface is similar to the upper, but the basal triangle is brighter. 
Through the kindness of Mr. Baunders I have been able to see a male (figured in 
CarpentiM*, 1948a) captured by him in northern Kenya (-oloiiy, at Meru. The 
dark bar separating the subapical area is extremely ill-defined. The basal 
triangle on the underside of the hind wing is so much larger than in the female 
that it occupies about half of the wing. This indicates atlinity with the east- 
coast form rogersi, which has the triangle considerably further extended outwards 
than in the Uganda hoblcyi and tirikensis. 

Victoris is a peculiar form and has a curious likeness to the form alhostriata 
Lathy of the very distinct species Pscudacraca dolomena Ilewitson. This depends 
largely upon the unusual tint of the front wing. The white-ringed spots along 
the anterior border of the cell in dolomena distinguish it : the basal triangle 
is also duskier on the upper side, and larger, in dolomena, while on the under surface 
in that species it is only faintly indicated as a greyish tint. 

The form victoris, at least in the female, resembles Benmtistes quadricolor 
leptis Jordan : the male, as so often is the case, is a less perfect mimic. The 
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chief feature of the resemblance is the purplish tint of the brown, characteristic 
of the model and well copied by the mimic. It is, among other forms of eurytus, 
only shown by the last discussed ruwenzorica, a better mimic of the same species 
of Beniatistes, in the form latifasciata E. M. Sharpe. 

(28) roycrsi Trimen, 1908. 

Strongly sexually dimorphic. The male in Trimen’s brief introductory 
description was described as ‘‘ Fuscous, with yellowish rufous areas, with black 
basal and sub-basal s])ots, and black nervules and inter-nervular rays.” It 
is shown in three forms on Plate VII, figs. 61, 62, 63, of which 62 is very near to 
the tyi^e which is figured in colour by Eltringham (1910) and Carpenter (1920a 
and b). 

The. ground colour is “ Vandyke brown ” but on the apical part of the front 
wing there is considerable suflusion with pale Scahvs so that the dark veins and 
intervening rays i)roduc(‘. a streaky efiect, not seen in Eltringham’s figure, but 
well shown by the artist in Car 2 )enter (1920), and especially mentioned by Trimen. 
The dark border of the hind wing is narrow and unusually uniform in width. 
There is only a trac.e of basal triangle on the U 2 )])er surface, indicated by faint 
dusky shading of the (‘xtreme anterior part of the cell and the proximal half 
of the costal margin. There is gr<?at variability of the dividing dark bar on the 
front wing : in the tyjie it is much thinned towards the tornus, but does just 
connect with the dark border (not shown by Eltringham). On Plate VII, fig. 61 
shows maximal develojimeut, fig. 62 slightly less than the type, and fig. 63 sliows 
no trace of it. The jiak* area is of an almost pinkish orange, corresponding with 
liidgway’s ” orange- rufous.” The under surface is much paler than the upper 
and the discal area of the hind wing of the sjiecimen shown in fig. 63 is very nearly 
white. 

There is a well developed ” Kaiser brown ” basal triangle, not extending 
more than half way into the cell, but along the costa almost reaching the tip 
of the wing. This form, owing to the jieculiar tint of its pale colouring, has a 
curious resemblance to the distinct speides Faeudacraea dolomena dolomena 
Hewitson. It is readily separated by not having the basal spots of the front wing 
surrounded by white rings, and by the presence of a basal triangh*. Grose-Smith 
commented on this likeness. The female rof/ersi was thus shortly described 
by Trimen. “Fuscous ground darker than in male, almost black ; fulvous 
markings of male replaced by pure white ones.” The ground (iolour is “ bou(». 
brown,” the white areas consist of a large subapical bar and small inner marginal 
area on the. front wing, and the great<*r part of the hind wing. The subapical 
area extends from the costa to tlui inter-nervular ray in area 2, and its gimeral 
direction is slightly curved. The inner-marginal area is variable, its maximal 
development is shown m the speiume.n figured as 53, Plate VI, in which it extmids 
across vein 2 into the base of area 2. In tln^ type as in the specimen shown as 
fig. 52, the inner-marginal area does not r<‘ach area 2. As in the male there is 
only a faint trace of basal triangh‘. on the upp<‘.r surface, and this, combined 
with the narrow border of the hind wing, makes the. wing much whiter than in 
any oth<*.r form of eurytus. On the under surfac<* the basal triangle is relatively 
smaller than in the male, but of the same “ Kaiser brown ” : it only extends 
half way along the costa and not halfway into the cell. 

The female allotype was illustrated by pjltringharn (1910) and Carpenter 
(1920a and b). The mod<il for the female is Bemat isles adrasia pancalis Jordan, 
but the patte.rn and j)eculiar shade of the male make it a poor mimic. When 
first captured royersi was described as mimicking the female of Bemaiistes ayanice 
montana Buth^r Trimen (loc. cit.) writes of “ the likeness to PL moniana, which 
has undoubtedly been gained by the quite peculiar position, curvature, prolonga- 
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tion, and inner indentation of the sub*apical bar.” Since aganice is immensely 
commoner than adrasta it is very probable that it has more protective etlect 
than the latter ; but adrasta is more like the mimic. 

(29) conradti Oberthiir, 1893. 

Described and figured from a male as resembling eurytus eurytus, but differing 
“ par la forme et la disposition des bandes fauves . , . , cn dessous 

. . . par la tache basilaire brun vineux a reflet violace . . A male 

corresponding with Oberthur’s figure is shown as fig. 67 on Plate VII. The 
rather dark ground colour is bone brown,” the pale areas “ ochraceous tawny,” 
and the basal triangle, not shown on the upper surface, is of the brownish-red 
called by Ridgway “ Kaiser brown ” ; it is large, extending into the middle of 
the cell and along the costa to beyond the middle. The typical specimen shown 
at fig. 67 is not the commonest form of this interesting form of eurytus : the 
majority have the dark dividing bar on the front wing partly or completely 
broken through, so that the form figured at 64, Plate VII, results. By this change 
a beautiful mimetic resemblance to Bemalistes adrasta pancalis Jordan is produced. 
The female of conradti has not been described previously. 

Specimens from the same precise locality as the males provide the probable 
female of conradti, and one is shown as fig. 54, Plate VI. The dark ground 
colour is “ bone brown ” : the subapical area is white, and the very small inner- 
marginal area is “ orange buff.” The sharply defined central pale area of the 
hind wings is “ cream.” The basal triangle reaches to the middle of the costa : 
on the upper surface it is “ bone brown,” on the under surface “ Kaiser brown.” 
The yellow tint on the front wing may slightly tinge the white subapical bar, 
or may be lessened so that this form is white-marked, or nearly so, and it may 
be hard to distinguish from rogersl. Comparison of figs. 52 and 53 with 54 
shows that rogersl has a narrower border to the hind wing and no basal triangle 
on the upper surface • sjiecimens with these characters do not show the yfdlowish 
tints of cmiradti. The mod(d for these yellow-marked females, which are ascribed 
to conradti, may be Acraea esebria Hewitson {fide T. 11. E. Jackson) and Betnatistes 
aganice aganice Hewitson. Two females from (^hinteche, Nyasaland, jirovide 
a link with mlanjensis. They have yellowish white hind wings and a small 
yellowish inner- marginal area on the fore wing. One, however, has the large 
white sub-apical area which characterizes mlanjensis, while in the other the 
sub-apical area is narrow, as in a conradti from Mrowi. 

(30) fickei Weymer, 1907. 

A male form described and figured from a single specinnm : it seems to be 
only a variation from conradti, in which the pale area of the hind wing is white 
instead of the same orange colour as that of the front wing, and is diminished 
in size by a wider dark border, 

Aurivillius (1912) describes as ” occidcntalis ” a variation with the hind wing 
area yellow, from the Gold Coast. This locality seems highly unlikely, for there 
is considerable difference between western and eastern forms as will be shown 
later. Mr. F. Bryk kindly wrote from Stockholm Museum, in re])ly to enquiries, 
that the unique type specimen was supplied by Fruhstorfer. It has occurred 
with other material that Fruhstorfer's localities are sometimes erroneous, and 
this certainly is the case with ""‘occidcntalis,'^ and the name is most regrettable. 
It should be abandoned, for it is clear from notes and a drawing kindly suppplied 
by Mr. Bryk that the siiecimen differs little from Weymer’s figure except that 
the central area of the hind wing is yellowish (” soudern fahl helllederfarben ”). 
I have figured on Plate VII, fig. 65, a specimen from Tanganyika Territory 
which agrees with Mr. Bryk’s drawing of “ occidcntalis," and seems to be inter- 
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mediate between it and jickei as the hind wing area is yellowish-white, paler than 
the front wing bar, but is white on the under surface as in Jickei. This produces 
a certain resemblance to hobleyi, but the shape of the front wing band is different 
and the basal triangle differs in shade from that of hobleyi, as Mr. Bryk reports 
is also the case with occidentalis.'' The shade is slightly tinted with the 
“ madder brown of victoris. A series of these forms would probably show 
that conradti, jickei and “ occidentalis ” grade into one another. 

(31) pondo forma nova. 

The specimen shown at fig. GG, Plate VII, so far as I know is unique, but it 
has not the a})pearance of an individual aberration, and is therefore now described 
as a form. 

The coloration is that of conradti, but the inner-marginal area of the front 
wing IS greatly expanded, covering three-quarters of areas la and 16, from 
their bases, and the base of area 2 in whudi area the “ ochraceous orange ” 
colour makes a triangular patch. The subapical bar is narrower than in oonradti ; 
the dark bord<‘r of the hind wing much narrower, almost vanishing at the anal 
angle. The basal trianghj on the under surface has a stronger purj)lish sheen 
than in oonradti, corresponding with Eidgway’s “ madder brown ” ; it also ext(inds 
further along the costa than in conradii, almost to the apex. 

(32) 7nJanjensi.s (-arpeiiter, 1920a (j). 98). 

Described and figured from a series ca^itured by 8. A. Neav(‘ on Mt. Mlaiije, 
Nyasaland. Shown oii Plate VII, fig. G8, ; Plate VI, fig. bo, The male is 

(jomparable with male conmdti (fig. G7) but the })al(5 areas instead of ocdiraceous 
tawny ” are much lighter, corres 2 )onding with .Kidgway’s “ ])ale orange yellow.” 
The inner-marginal area on the front wing is much smaller than in com'adti, 
and is only represented by a trace, and may lx* aborttxl. The colour of the 
basal triangle on th<; und<‘r surface is “ Kaiser brown, ” as in conmdti. The 
general ground colour is “ bone brown.” 

The female ndaihjot.sis shown on Plate VI, fig. 55, can be conqianxl with 
conmdti and royersi above it. There is no tint of y<*llow in th<‘, ])ah‘ areas, whudi 
are pure white : that on the inm‘r margin of the, front wing is as small as in 
co'nradtb or smaller, so that it is hardly traceable, and therefore mindi smalh^r 
than ill roycrsl. The hind wing has a liasal triangle on the ujiper surface of 
the saiiK^ “ bone brown ” as the other dark parts, thus dilleriiig from royersi : 
the dark border is, in width, between that of royersi and cothiadti. The white 
subapical bar of the front wing, as in royersi, crosses vein 2, whereas it does not 
in oonradti. 

The basal triangle on the under surface is “ Kaiser brown." This form, 
in both siixes is an ellective mimic of the form of Bomatistes ayanicc occurring 
on the same mountain (Carpenter, ]92()a, p. 98). 

(33) imitator Trimen, 1873. 

Described from two females, one of them ” more decidedly tinged with yellow 
than the other.” Trimen compared it with Hewitson’s figures (18G8) of “ the 
typical form of the 9 Hircc (Earytus, (3(irk) from Calabar,” and for long it was 
the only othi‘r well known form of this species. 

Jt differs from mlanjensis, just considered, by the reduced size of the pale 
areas, especially iioticealile in the sub-apical area of the male. The basal triangle 
on the under surface has a slightly more purple sheen than in 7tdwnjensis, corre- 
sponding to Ridgway’s “ liver brown ” : it is as large as in 7nlanjensis. In 
the male the pale areas arc pale orange yellow ” : in the female, usually white, 
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but sometimes “ cream ” — a little paler than the male. The male is shown 
as fig. 69, Plate VII, the female as figs. 56 and 57, Plate VI. The female was 
figured by Trimen (1887), and in colour by Eltringham (1910), and Carpenter 
(1920a and 6), gave coloured figures of both sexes. 

It is interesting to note that Eltringham (1910), who had ai)parently not 
seen conradti, wrote: “ Aurivillius [1898] includes F. conradli, Oberth., under 
this species ; but conradli is evidently a very different form and has the paler 
markings brownish yellow. It appears to resemble the ^ P. eurytusP But 
the forms discussed here, pr<»viously to imitator (Nos. 32, 31 and 29), show that 
Aurivillius had a clearly correct conception of the nOationship which further 
specimens have denionstrat<id. 

The form imitator was noted in Trimen (1873 and 1887) as a close mimic of 
Bematiates ayanicc ayanice llewitson. Tt is noteworthy that the yellow variant 
of th(‘ female mimics the mah^, which is unusual, while the white form mimics 
the white female of the model. 

With the form imitator the list clos<*.s ; tln^ (question, however, arises whether 
these are all of ecjiial rank and whether some may not justly be termed sub- 
species. It is quite impossibl<‘ without much more information based on large 
colh*ctions from precise, localities, in the cas<» of West African forms, to say that 
they ar<‘ anything more than forms, except the very remarkabh* and apparently 
isolated rnwenzonca, of which only the tyjie specimen is known : it may well 
be a subspe(‘i(‘.s. The sev<‘ral forms Hying intermingled in Uganda must be 
looked upon as a closely luterbn'edmg community none of which have attained 
suHic-hmt isolation to become subspeci<*s. 

In Abyssinia the nain<‘d forms seem to have become distinct enough to 
deserve tin* rank of subs])ecies: ind<‘ed, from their isolation they may have 
attained sjiecific rank. Vet such a form as yonhdonifi (No. G) is well linked 
up with stnata (No. 4), and further knowledge of south western Abyssinian 
fauna may link the other forms with these along th<‘ Siidan-Uganda border, 
or on the (Vnigo-Nih* divub'. An allusion to Papiho dardanus is apt. The 
males in south-west Abyssinia, Iik<* those in other parts of that country, have 
genitalia of the east<*rn and southern type. But on the niountains of the Sudan- 
Uganda border th<‘V have the western type of genitalia (Carpenter, 1948^d In 
the case oi' carytns the transition from Uganda to Kenya and the south-east is not 
well shown. Ibd.wccn the eastern-most Uganda form (poqyvoidi s. No. 17^ at 
Kakaniega in Kavirondo and the neaiest eastern form riefons (No. 27) from Mt. 
Marsabit, there is a gaf) of at least 150 miles, and there is little similarity betwetm 
the two forms. I have no records of any form varytus from Mi. Kimya which 
is very suiprising, but the liuttertly fauna of that mountain has not been well 
inv(‘stigated. Th<' form nctons will jirobably be found to grade into the coastal 
(No. 28), and thence there is an easy transition down the east side of 
Africa into unitator of Natal (No. 33). At one time the last-named seeimul to be 
a “ good sp(‘ci(‘s,'' but the discovery of tlu* remarkable iorm which is now named 
pondo (No. 31) links imitator casily with the Nyasaland form mlanjciisis (No. 32), 
and covradti of Tanganyika, Tiwritory (No. 29). 

VII. DrsTiii BUTTON OF Each Form. 

The map records the distribution of the whole com] ilex of eurytus compiled 
from specimens, published reconls, and letters from corres]>oiulcnts. It will 
be noted that there is no evideiu’e of the existence of eurytus in any form on 
the Zambesi system except for a tiny intrusion from the coast along the railway 
from Beira. It is evident that there has been a barrier to the sjTread of the 
species beyond the head waters of the Congo system, from AVest Africa. Its 
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origin in West, rather than East Africa is borne out by its occurrence on the 
islands of the Gulf of Guinea, but not on Zanzibar or Pemba. Nor does it 
occur on Madagascar, although the genus is represented there by the peculiar 
species glaucina Guenee and the form apaturoi^s Felder of lucretia Cramer, of 
which species another form, comorana Oberthiir, occurs on the Comoro Islands. 



Distribution of Ps. eunjtus, A dot indicates record of one or more captures, but gives no 

indication of abundan(;c. 


I have sought information as to whether these peculiarities of distribution 
find any parallel in plants and birds, and append statements received through 
the kindness of correspondents. 

(a) From Mr. J. P. M. Brennan, of the AVest African Forestry Service, 
July, 1947 : 

“ The main area of tropical and equatorial forest in Africa lies in the west, 
extending eastwards to Uganda and the Bukoba region of Tanganyika Terri- 
tory. Small patches of rain-forest occur in the neighbourhood of some of the 
higher mountains of East Africa, e.g. Usambara in Tanganyika Territory, and 



PBeudaoraea mrytus (L.) {Lep. Nymphalidae) 


107 


nearly all the higher hills and mountains carry more or less extensive areas of 
montane rain forest. The genera represented in these forests are often similar 
to those of West Africa, but the species are normally different. The savannah 
regions carry a very distinctive flora, usually with little relationship to that 
of the rain forest, although in certain areas, notably Northern Rhodesia, 
xeromorphic species of genera otherwise inhabiting wetter regions occur, e.g. 
Sapium, Chitandra, etc., suggesting that at a more or less remote time these 
areas had a wetter climate. 

“ The coastal belt from southern Kenya southwards is often occupied by a 
richer vegetation than that of the savannah areas. This reaches its highest 
devcloj)ment in local areas of evergreen forest. In the vegetation of the coastal 
strip several West African genera are represented by usually very distinct 
species, e.g. Cistanfhera^ Cola, Mansonia ; the endemic species are numerous, 
and the vegetation gives the impression of being a specialized and rather 
depauperate derivative of a type formerly living under a higher rainfall, and 
showing certain affinities with the montane forests of Nyasaland and south- 
west Tanganyika Territory. 

A predominance of tropical genera extends down the east side of Africa 
to Natal, where an endemic species of such a typically tro])i(ial genus as Cola 
occurs. Certainly much of the coastal vegetation of east and south-east 
tropical Africa seems to point to major climatic changes in the relatively 
recent past.’' 

(b) From Mr. R. E. Moreau, the well-knovvTi ornithologist, 17th September, 
1947: 

‘‘ I cannot at the present time think of any birds that have a distribution 
like that of your Pmidacraea. AVhat is its habitat ? 1 should guess from the 

distribution of evergreen growth in the lowland zone, probably gallery forest 
and secondary forest rather than primary forest. If this is (‘orrect I do not 
think that the ‘ right ’ habitat would be at all well distributed in Southern 
Rhodesia, but there is quite a bit of it in Nyasaland and some in Northern 
Rhodesia, especially in the extreme north and north-west. There are, of 
course, a good many cases of West African birds that do not cross the Nile- 
Congo or the Rhodesia- Angola watershed, but I know of none of these which 
reappear on the eastern seaboard as your Psendacraea does.” 

(c) From Mr. C. M. N. AVhite, of the Northern Rhodesian Administration, 
an ornithologist of experience in the Mwinilimga area, 10th September, 1947 : 

“ The (\)ugo-Zambesi water-parting is characterized by a very small degree 
of orographical definition. Along the border of the Katanga and the Mwini- 
lunga border of Northern Rhodesia the summit of the watershed is only about 
a hundred feet higher than the surrounding country. The bird population 
of the northern part, Mwinilimga and the Katanga, is therefore more or less 
identical and extends westwards into Angola with only small changes. 

“ The Zambesi- Angola water-parting is a more pronounced barrier which 
often has a marked zoo-geographical significance although, orographically, in 
Balovale and Angola it is no more marked than the Congo-Zambezi water- 
parting. 

“ Quite a number of western and north-western birds seem to keep to the 
west of the Zambesi here, such as Francolinus coqui atigolensis, F. albogularis 
meinertzhageni, Mirafra africana habalii, Eretnovmla griseoflava salvadorii, 
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Telophorus viridis vieirae, which belong to the fauna of the lower Congo and 
western Angola, and just enter Rhodesia on the west side of the Zambesi in 
Balovale district. Pmm flamcans, which ranges from Ngamiland to the 
highlands of Angola, and Mi/rafm africanoides tsapnelli, which is characteristic 
of Bechuanaland, also only occur on the west of the Zambesi in Northern 
Rhodesia, although they have a southern origin.” 

I have had no experience of the primary forests of West Africa, but the 
scarcity of Pseudacraea eurytus in the (^ongo as compared with its relative 
abundance in Uganda does suggest that its habitat is the lighter forest. If this 
be so, the lack of continuity of gallery forest across the (kmgo-Zaiiibesi divide 
may, as Professor F. E. Zcuner remarked in discussing the subject with me, 
account for the non-occurrenc.e in “ Zambesia.” The absence of records from 
Portugucvse East Africa will probably yield to further investigation. 

The comparison with Papilio dardanus gains interest from the fact that 
this species does occur in Rhodesia. 

A later communication from Mr. Brennan suggested that absence of the 
correct food-plant from Zambesia may account for the absen(‘.e of Pseudacraea 
eurytus. Chrysophyllum is represented in the basin by C. hanyweolense near 
Lake Hangweolo, and 0. argyrophyllum occurring in dense fringing forest by 
a pereimial stream on a plateau in the central province, and in thic^kets of 
Brachystegia round Broken Hill. Mwmsops is common in the fringing forest 
of the Zambesi and its affluents, but neither it, nor the (dosely alli(*d jManilkara 
occurring in dry woodland near the Zambesi, are \'ery close to (%rysophyllunt. 

As I have stated previously, the food plant of P.v. eurytus iuutator in Natal 
was identified as Chrysophyllum nalalense Sond. and that hi Uga-nda as a species 
of Chrysophyllum near kayei H. Moore. 

The larva of Pseudactaea hoisduvali feeds on Muuu,sops (see Fountaiiie, 
1911). 


The distribution of each named form will now be given ; iu order to economize 
space the names of th<‘ territori<*s will be known by the letters adopted in the 
following tal>le. Gambia only occurs on(‘e and is written in full. A locality 
printed in italics signifies that the author has not l)een able personally to verify 
the specimen concerned: 


Gambia 

French Guinea • F.(t. 
Sierra Leone : S.L. 
liiberia ; L. 

Ivory Coast : I.C. 

Gold Coast with 

Ashanti : G.C. 
Togoland : T. 

Dahomey : D. 

Nigeria : Ni. 


C^ameroons : C. 
Fernando Po ' F.P. 
Spanish Guinea • S.(b . 
St. Thome Isle :S.T. . 

Galloon . G. 

Portuguese Congo : 

PC. 

Angola : An. 

French Equatorial 

Africa : F.E. 
Belgian Congo : B.(\ 


Abyssinia • Ab. 

South Sudan ■ S. 
Uganda . U. 

Kenya: K. 

Tanganyika 

Territory T.T. 
Nyasaland * Ny. 

Portuguese East 

Africa : P.E. 

Natal : Na. 

Pondoland : P. 


Note.' -Sjiecimens from the Sese Isles, Lake Victoria, of which accounts have 
already been given (Carpenter, 19U, 1920a) arc not included in the totals, except 
in the case of grisea^ a new form now separated from obscura. 
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(1) eurytus L. 

Specimens examined. — M. 46, F. 38. Reported records, 12. Total, 96. 

This, the nomino-t 3 rj)ical form may be said, generally speaking, to occur 
throughout West Africa, and is the only form known from Gambia. 

Distribution. — Gambia ; F.G., Nzo ; 8.L., only the general locality “ Sierra 
Leone ” ; L., Monrovia ; I.C., Addah, Man^ Toumodi ; G.G., Accra, Ashanti, 
Bampata, Coomassie, Huni Valley; T., “ Togolaud ” ; D., “Dahomey”; Ni., 
Ibadan, Isubu, Lagos, Old Calabar, Warri ; C., Ja River (Bitje) ; G., Fernand Vaz 
(Lake Asebbe), Ogowe, Tchihanga; A., Canhoca ; B.C., Eala, Ituri (30 miles 
south of Irumu), Kapanga (Lulua), Landana, Makala, Mauyema (Kougour forest), 
Nyangwe ; S., Bendere. (The locality “ Isubu ” on old specimens in the National 
Collection gave m<^ much trouble, as it is not marked on maps. It seems ex- 
tremely probable that it refers to the territory of the Sobo tribe in the Niger 
Delta.) 

(2) ruhama Ilewitson. Examined, M. 49, F. 29. Reported, 19. Total, 97. 
G.C., “ Gold Coast ” ; Ni., Isubu ; C., “ South Cameroons,” Bitje, Molundu ; 

S.G., Alen Benito (locality record by Strand, 1914, but the specimtm was not 
tyjjiccal ruhama) ; G., “ (ja}) 0 ()n,” Brazzaville, Cape Lopez, Etoumbi, Fernand 
Vaz (Lake Asebbe), Lak(*, Azingo, Lambarene, betw<‘.eu Matadi and Stanley Falls, 
Ngomo, Ogowe, Tchibanga ; An., “ Angola,” Canhoca ; B.C., Bafwasende, 

Beni, Ituri, Cpper Kasai (Luebo, Nolekesha), Katanga, Kimuenza, Kivu (Kaju- 
duju river), West Kivu, Ijandana, North-east Ijobutu (Lubilinga valley), Ubangi 
(Duma) ; S., Bendere, Tembura, Yambio ; U., Bwamba valley. 

(3) consanguinca Aurivillius. Examined, M. 4, F. 12. Total, 16. 

Ni., Isubu ; C., “ (\imeroons ” ; G., Lake Azingo ; B.C., Beni, Upper Congo 
(Bojioto). 

This seems an uiKtommori form. 

(4) striata Butler. Examined, M. F. 97. Reported, 7. Total, 101. 

S.L., “ Sierra Ijcoiu*,’' watershed of Mabole and ]\lango riv(*rs lb miles south 
of Karrassa ; J.( , 12 miles east of Monrovia ; l.(\, Addah, Bingerville, Danane ; 
(}.(!., “ (iold (’oast," Accra, Akrojiong, Jh*goro, Gwira, Hum Valiev, Kiimasi, 
Kumasi to Kintam])o, Obuassi, “ Wassaw district,” }\ uh‘}U'ha ; T., “ Togoland ” ; 
D.. Dahomey ” ; Ni., Ibadan, llesha, Lagos, Ogobahong. Old (\i,labar. Oni, 
Oshogbo, Warri ; (\. “ (^am<*roons,” Bitje, south of Chang, DaaJa, Mftlandtf ; 
Cb, “ (bilioon ” ; An , Ambriz, (-aiihoca : B.(\, Kimuni,za. 

This sei'ins to be very much a “ coast ” form at pri'sent. It is therefore the 
more interesting that its olivious derivative if()ub<l()n.hs (No. 6) occurs in Abyssinia, 
as (‘vidence of the markedly western aHinity of soim* of the fauna ; it is also 
interest ing that striata has not been found m the mountain country of the Sudan- 
Uganda liorder, although tlnuv is much that is wivstern tln're. The connection 
with Abyssinia must be of very much older date, for siudi western species as 
occur in KSouth Sudan do not sliow such a degree of departure from the normal 
western re])r<‘sentatives as in Abyssinia. 

(5) stavelioidcs forma nova. Examined F. 1. Total, 1. 

JMore material is required to show whether the distribution of this form agrees 
with that of its model. The type came from Nigeria, Oni, near Lagos. 

(6) youhdonis Ungemach. Exainin(‘d, F. 2. Reported, M. 1. Total, 3. 

Ab., Youhdo, Gacheb or Gacher river (South-west Abyssinia) ; S., Bendere, 
Boma Plateau. 
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In 1935 (p. 363) I alluded to a West African specimen from Isubu as being a 
male of youhdonis. Re-examination shows that it has not all the characters of 
that form, and it is classed now under atriata. 

(7) theorini Aurivillius. Examined, M. 7, F. 12. Reported, 3. Total, 22, 

Ni., Isubu, Old Calabar; C., Duala ; G., Lake Azingo ; S., Bendere. 

(8) epi(jm Butler. Examined, F. 8. Reported, 3. Total, 11. 

F.(i}., Konakri ; S.L., “ Sierra Leone’'; G.C., Accra ; Ni., Isubu ; C., Bitje ; 
B.(\, Eala, Lnlva (Sandoa), Stanley Pool, IJele. 

(9) fulvarla ’Butler. Examined, M. 34, F. 23. Reported, 6. Total, 63. 

F.G., “French Guinea”; S.L., “Sierra Leone”; I.C., “Ivory Coast,” 
Bing<irville, Dimbrok (? — Dimhokro) ; G.C., Aburi, Accra, Kumasi (Friapere 
forest), Kumasi to Kiiitampo ; Ni., Isubu ; C., “ Batouri district ” (near Duala), 
Bitje, Deng-deiig, Lolodorf (near Duala), Yaunde; S.T., Saint Thome; G., 
“ Gaboon,” Abanga river. Cape Lopez, Fernand Vaz (Lake Ase])be), Lake Azingo, 
Lam])arene, Ogow<*. river, TcMhanga; An., “Angola,” Arnbriz, (Cabinda; F.E., 
Ubangi ; B.C., Beni, Buta, Kasai (Luego), Katanga, Lulua-Sankuru ; U., 

Bwamba. 

Some of these specimens, from Dimbrok, Kumasi, Bitje, Fernand Vaz, Lam- 
barene and “ Angola ” might equally w'cdl be ascribed to sinndator, being tran- 
sitional. Griiiiberg (1910) recorded one mule fulvaria from the “ Sesse Islands, 
Lake Victoria,” apjiarently from Ukerewe. It is most unlikely that this was 
fidvana ; it was probably one of the variations that occur so numerously in Sese. 

The form fulvarla is essentially western, not <*xtending beyond the eastern 
fring<‘ of tlie great forest. It is of interest from its occurrence on the island of 
St. Tliomt', 

(10) simulator Butler. Examined, M. 3, F. 24. Reported, 2. Total, 29. 

F.G., near Macenta (Massadou and N'Zebela) ; S.L., “ Sierra Leone,” Ma- 

banta ; I.(\, “ Ivory (\)ast ” ; G.(^, “ Gold Coast,” “ Ashanti,” Accra, Akro- 
pong, Himi valley, Kumasi ; T. “ Togoland ” ; C., Bitje ; G., Fernand Vaz (Lake 
Asebbe), lower Ogowe (N’gomo) ; B.C\, Ituri forest (Beni), up])er Kasai, Katanga, 
Lokolele, Medje. 

This form, like the preceding one, is essentially western. 1 know of only one 
record of its occurrence in tin*- eastern part of the Congo, so that it is more western 
th'dri fulvari a. which is more frequently taken in the Ituri forest. 

(11) hohleyi Neave. Examined, 109. Reported, 18. Total, 127. 

B.C., “ Ituri,” Beni ; S., Ijotti ; U., Ankole (Kaliiizu forest), Budama (Busia, 
Chawoforest), Buganda (Buddu, Entebbe, Kampala, Mabira forest, Sese Isles), 
Bugishu (Elgon), Bunyoro (Budongo forest), Toro (Bw^amba valley, Daro forest 
near Lake George*,). 

The form hohleyi is characteristic of Uganda, but it is occasionally found in 
the Ituri forest of the Congo, where it meets fulvaria. 

The above remarks all refer to the male sex, which, until quite recently, was 
thought to be the only sex for this form. The interesting specimen, kindly lent 
me W study by Mr. T. H. E. Jackson, captured at Kakamega, Kavirondo, 
Kenya Colony, led me to search for others among all the female specimens of 
pogyeoides that 1 had seen. But only one female of the hohleyi pattern and colora- 
tion could be found ; it ir in the National Collection and was collected at “ Ilala, 
Maramas district, near Mumias,” i.e. almost the same spot as the other si)ecimen, 
which is very interesting. See text-figs. 28 a and b. 
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(12) hemixantha forma nova. Examined, 38. Eeported, 3. Total, 41. 

U., Budama (Chawo forest), Buganda (Buddu, Entebbe, Sese Isles), Biivuma 
Island, Toro (Daro forest). 

Occurs in small proportion with hohUyi^ but, together with the next form is 
predominant over hobleyi on Buvuma Island. 

(13) opisthoxantha Carpenter, with transitions to it from hemixantha. Examined, 

70. Reported, 6. Total, 76. 

B.C., Beni ; U., Budama (Busia, Chawo forest), Buganda (Entebbe, Mabira 
forest), Bugishu (Elgon), Buvuma Island, Toro (Daro forest near Lake George, 
Ruwenzori), 

A form of occasional occurrence only, except on Buvuma Island, which pro- 
vided forty-eight of the seventy specimens examined. 


(14) infumala forma nova. Examined, 7. 

U., Entebbe, 4 ; K., Kavirondo (Mumias), 3. Some specimens of hobleyi 
from the Elgon area approach this form. 

(15) kiinowoides Cari)eiiter. Examined, 46. 

U., Buganda (Entebbe, “ Kyagwe "), Bunyoro (Budongo forest, Miinyonyo), 
Busoga (Jmja). 

Apparently confined to Uganda, which is the locality for its model. 

(16) tirikensis Neave. Examined, 365. Reported, 39. Total, 401. 

In the discussion of this form (anfea, p. 97) it was mentioned that th<*re are 
two minor forms differing from the type : (a), with less, (n) with greater amount 
of white on the fore wing. There is also a variety (c) differing by the reddish 
colour of the basal triangle of the limd wing on tin*, upper side. It seemed worth 
while to ascertain the distribution of these forms separately, as in the subjoined 
table. (Var. c may, in otlier res[)eets, belong to the other forms.) Sesii Island 


Belgian (Urngn, Beni . 

Sonth Sudan, Bendere 
South'West Abyssinia, Tirka in Gimira 
district, and near Meti Chafe 

Uganda : 

Ankole (Kaliiizu forest) . 

Buganda (Buddu) . 

(Entebbe) 

(Kampala) 

(“ Kyagwe ”) . 

(Sese Isles) 

Bugishu (foot of Mt. Elgon) 
Bunyoro (Budongo forest) 

Busoga (Jinja) 

Buvuma Island 
Kigezi (Ruandara forest) 

Toro (Bwarnba valley) 

(Bugoma forest) 

(Daro forest near L. George) 

C Toro ;’) . 

Kenya, Tiriki Hills 


Type. 

Var. A 

Far. B. 

Far. C. 

2 

0 

5 

3 

0 

0 

1 

1 

0 

0 

2 

0 

2 

0 

1 

0 

5 

4 

3 

0 

77 

. 40 

. 102 

1 

1 

1 

2 

1 

1 

0 

0 

0 

3 

0 

2 

0 

18 

4 

. 10 

1 

1 

1 

2 

0 

18 

. 21 

7 

. 12 

0 

0 

1 

0 

4 

0 

7 

0 

0 

1 

0 

0 

6 

3 

6 

0 

1 

0 

0 

0 

3 

0 

0 

0 


142 


75 . 151 


19 
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specimens, owing to their variability, are not included. The specimen of 'Hogoen- 
sis figured by Griinberg (1910) seems to be tirikensis of the variety c with 
reddish triangle. 

It aj)pears that the form with less white than the type is only half as numerous 
as either the type or the form with a completed transverse band. It seemed 
worth while to ascertain the percentage of each form in the west and east, taking 
the Nile as the dividing line. Thus, the following localities in the preceding 
table count as eastern (the rest are western) — Jinja, Tiriki, Elgon, Buvuma Island. 


West of Nile : 

As type. 

A, with less white. 

B, with more white. 

Total 310 

. 117 = 33-7% 

. 53=17-0% 

. 140 = 45-2% 

East of Nile : 

Total 58 

. 25 = 43-1% 

. 22 = 37-9% 

. 11 = 18-9% 

368 

. 142 

. 75 

. 151 


It appears that in the west th(‘ form with more white on the front wing than 
in the type predominates over that with less white, whereas the reverse is the 
case in th(» east. In other words the eastern forms tend to Ik* darker, while the 
white band is more complete in the west. Tliis is contrary to tin* usual case 
of increas(‘d darkness in the more humid west. 

Now in the east the usual models (Bematistes )Hacansta and aJeliioe) are 
extremely scarce (cp. the figures for Buvuma Isle, Carpenter, 1917, p. 73) and the 
only black model sufficiently numerous to be protective* is B. aganiar, which has 
no white along the inner margin and the white subapical band is v(*ry short. 
Thus it may be that aganice has influenced enrytns by causing s<‘lection of the 
darker forms. 

As regards tin* variation v in which the basal triangle is markedly reddish 
on the irpjper surfac<*, it is of occasional occurrence in the W(*st, but remarkably 
abundant on Buvuma Island in the east ; twelve* of the forty-five s])ecimens 
showing it. It exemplifies the close relationshij) of tirikensis to smndator. There 
seems no reason for this excejit the well known tendeiny^ of island faunas to 
develop differences. 

(17) poggeoides ihiulton. Examined, 60. Keported, 11. Total, 74. 

S., Acholi hills, Lotti, Yei ; U., Bugaiida (Buddu, Entebbe, Kaanpa-la, Mahira, 
Sese Isles), Bugishu (Mt Elgon), Bunyoro (Budoiigo forest), Busia ((4iawo forest), 
Buvuma Isle, Kigezi (Kuandara forest), Toro (Ihramha valley, Daro forest near 
Lake George) ; K , Kavirondo (Kakamega, Fitosh, Miimias. N/.oia. river) 

Th is form occurs less frequently in western Uganda than in east<*rn, and does 
not seem to occur west of the Semliki. It does not oianijiy all the an*a of its 
model. It is necessary to point out that a sp(*cimen in tin* National Collection 
lab<*lled “ Wad Medaiii ” in the Sudan, collected by Mr. O. W. Snow, certainly 
did not come from that most unlikely locality, Mr. Snow very kindly siqiports 
this statement, and thinks it must have been confused with sj)eciim*ns taken on 
the mountains along the Sudan-Uganda border, where it is known to exist. This 
conclusion is siij)port<*d by a male Papilio dardanus dardanits Brown purporting 
to come from the same locality. Examination of its genitalia, however, showed 
that it was of the. form found in those mountains in South Sudan, and not the 
form occurring in Aliyssinia. either the highlands or the south-west. 

(18) mimo-ras Ungemach. Recorded, M. 1, F. ]. Total, 2. 

Youbdo and Oumbi, Western Abyssinian highlands. 



Pseudacraea eurytus (L,) (Lep. Nymphalidae) 


113 


(19) lachesis Ungemach. Eecorded, F. 2. 

Youbdo, Western Abyssinian highlands. 

(20) epaeoides Ungemach. Recorded, F. 1. 

Youbdo, Western Absyssinian highlands. 

(21) terra Neave. Examined, M. 85, F. 106. Recorded, 16. Total, 207. 

C., Bit]e ; G., Ngumie river; Beni, Luhia (Kafakuwba, Kapanga), 

Stanleyville ; S., Beridere, Ijotti, Yarnbio ; U.. Buganda (Biiddn, Kyagwe, Mawa- 
kota, Sese Isles), Bunyoro (Budongo forest), Toro (Bwaniba valley). 

This is by far th<‘- commonest form in Uganda, which seems to b<* its head- 
quarters, for although recorde.d from farther west, it is scarce except in Uganda. 
Here it is not found east of the Nile, however, nor on Bu vuma Island, whence 
other forms have been obtained. 

Besides the above typical sjiecimens, a number of sj)ecimens have be<‘n 
examined, transitional to other forms, such as bwolor, tinkeusts, hohleyi, or 
obscura. (Note . — These do not include the long series from the Sese Isles, 
separately discussed in Carjienter, 1914, 1920a). 

Such intermediates number M. 17, F. 31. Total, 51. 

They occur in various jiarts of Uganda as previously listed, and Bendere in 
Southern Sudan. Also in South-west Abyssinia. 

(22) obscara N<‘ave. Examined, M. 13, F. 12. Total, 25. Reported (obseura 
plus grhsea), M F. 13. 

This form, as has becm said in the descrijitive section, is intermediate between 
terra and the following i'orm grisea. Specimens not seen by myself, and classed 
as “ report'd ” may lx* <nther obseaia or grisea. A great many intermediates 
in various stages lx* tween terra and grisea were, rejiorted by myself on tlit* Sese 
Islands of L. Victoria ((^arjx'iitfn*, 1914 and 1920a), and some of them (not now 
included) correspond with Neave's obseara. 

U., Buganda (Buddu, Entebbe, Kampala, Sesi* Isles), Bugisliu (foot of Mt. 
p]lgon), Busia, Busoga, Buvuma Island. 

(23) ijrisea forma nova. Examined, M, 2, F. 17. Total, 19. 

In addition, a large number classed as “ obseara '* in my jiapers on the Sese 
Islands of Lak<‘ Victoria, together with other specimens not therein imduded, 
must now lx‘ designated grisea ; they total, M. 19. F. 15. 

r., Buganda (Buddu, Entebbe, Kanqiala, Mabira, Sese Isles), Riigishu (foot 
of ]\lt. Elgon) Buvuma Isle, Toro (Bwamba valley, Daro forest). 

A remarkably interesting s]XH‘imen in the National (A)llection comes from the 
western island, San Thome. The subapical area is almost whiti*. and the ])ale 
area of the hind wing is paler than normal, but the sjx*cimen can lx* classed as 
grisea. There is a ])arallel to this occunence of a form on west coast islands and 
the islands of Lake Victoria in the case of Aeraea eguia form laedea Cramer of 
Princ<‘'s Isle in the Gulf of Guinea and the Sese Island form alba Eltringham, 
(1913, Trans, eat. Soe. Land. 1913 : 412). 

(2A)jaeksoni forma nova. Examined, M. 8, F. 9. Reported, M. 2, F. 6. Total, 
25. 

U., Ankole (Kisale), Bunyoro (Budongo for(‘st), Toro (Bugoma forest). 

All specimens seen, excejit- one from Kisale, were taken in Budongo and Bu- 
goma forests. 
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(25) bicolor Aurivillius. Examined, M. 11, P. 19. Reported, 21. Total, 51. 

F.P., S.G., Makomo Campo ; B.C., Beni, Irumu, upper Lowa valley, Lulua 
(Kapanga), Uele (Sasa) ; S., Yei ; U., Buganda (Buddu), Bunyoro (Budongo 
forest), Toro (Bugoma forest, Bwamba valley). 

The vast majority of these specimens come from the west of Uganda and the 
east of the Congo forest, in the neighbourhood of the western rift valley. This 
is the chief locality for the model, BemMistes tellus schuhotzi Griinberg. But 
bicolor, being closely related to terra from which it is easily derived, may occur 
sporadically, and a most interesting case is Fernando Po. Here there is an 
appropriate model in a form of Bematistes epaea with white subapical band. 

(26) ruwenzorica Griinberg. Reported, F. 1. 

This remarkable form, from Ruwenzori, is at present represented only by the 
type specimen. 

(27) vicloris Eltringham. Examined, M. 1, F. 1. Total, 2. 

K., Meru, Mount Marsabit. 

(28) rogersi Trimeri. Examined, M. 8, F. 11. Reported, M. 12, F. 13. Total, 44. 
K., Gazi, Kwale, Mombasa, Rabai, Shimha HilLs ; T.T., Usambara (Nguelo) ; 

Ny., Limbe. 

This is an East African form, extending from Mombasa through Usambara 
into Nyasaland, though records are not continuous betw<*en the last two iiarjied 
areas. In Nyasaland it seems to mix with conradtl, and indeed is not always 
easy to separate. 

{2d) conradti Oberthiir. Examined, M, 11, F. 17. Re])orted, 9. Total, 37. 

T.T., Amani, Liiidi, Tanga, Turiani, “ Usambara ” ; Ny., Bandawe, Chin- 
teche, Fort Anderson, Limbe, Mrowi. 

This form seems to be confined to East Africa (Tanganyika Territory) and 
Nyasaland. 

{30)jickei Weymer. Examined, M. 2. Reported, 1. Total, 3. 

T.T., Mhonda, Usigua. 

(31 ) pondo forma nova. 

The only specimen comes from Cape Colony, Pondolaiul, Port St. John. 
Total, 1. 

(32) mlanjensis Carpenter. Examined, M. 13, F. 12. Total, 25. 

Ny., Mt. Mlanje. 

(33) imitator Trimen. Examined, M. 56, F. (white) 43, (yellowish) 11 . Reported, 
M. 5, F. (white) 5, (yellowish) 3. Total, 123, 

B.C., Lodja ; P.E., Amatongas, Hondo. It also extends along a tongue of 
the low country into the Wytchwood Valley, politically just within the Southern 
Rhodesia border, but faunistically Portuguese East Africa ; Na., Durban, Eshowe, 
Northdene, Pinetown, Zululand ; P., Port St. John. 

The form imitator has always been considered as confined to Natal, and by 
no means all of that country ; however, it extends into Cape Colony, for there 
are specimens from Port St. John in Pondoland. A specimen in the Nationa] 
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Collection at South Kensington bears data “ Belgian Congo, Lodja.” If this is 
the Loja lying to the north of the Sankuru river the record must be looked upon 
as needing confirmation. I am indebted to Mr. K. M. Penington, Captain E. H. E. 
Stevenson and Dr. G. van Son for the information that they have never found 
imitator in the Transvaal. But Captain Stevenson has recorded it from Dondo 
and the Amatongas in Portuguese East Africa, and it extends along a tongue of 
low country over the boundary into the Wytchwood valley which lies at the foot 
of the Vumba mountains in Ehodesia not far from Umtali. No other records 
from Ehodesia are known ; for this I have the authority of Dr. G. Arnold. 

There must surely be some links with Nyasaland still to be found, or with 
Tanganyika Territory via Zululand, 

The thirty-three forms of eurytm to which names have been given fall into 
three geographical divisions, western, central and eastern. For brevity’s sake 
the various political territories will be indicated by the letters previously used. 

Westerii area.— Gambia, F.G., S.L., L., I.C., G.C., T., D., Ni., C., F.P., S.G., 
S.T., G., P.C., An. (part), F.E., B.C. (part). 

Only the northern part of Angola, north of Loanda and the Kwanza river, 
has as yet furnished specimens. Part of the Belgian Congo seems more fittingly 
classed in the next area, viz. the Ituri forest and the neighbourhood of the 
great western rift and Kuwenzori mountains. 

Central area, — B.C, (part), Ab., S., U., K. (part). 

The part of Belgian Congo included here is mentioned above. The part 
of Kenya Colony is the basin of Lake Victoria. 

Eastern area,— K. (part), T.T., Ny., P.E.A., Na., P. 

The parts of Kenya here included are Meru and Marsabit, north of Nairobi 
(but not so far as yet known including Mt. Kenya), and the coastal district. 
Only the coastal district of Tanganyika Territory from Usambara to Lindi 
is concerned. The only records from Portuguese East Africa are from the 
neighbourhood of the Beira-Umtali railway. In Natal and Pondoland only 
the coastal districts. 

Fortns of the Western Area, 

Eurytus, ruhania, consauguinea, striata, stavelioides, theorini, epigea,fulvarm, 
simulator, terra, bicolor. 

The last two of these belong properly to the central area and are only 
occasionally found in the western area. A surprising case is bicolor from Fer- 
nando Po, for it is so very characteristic of the country on each side of the 
Uganda-Congo border. The form terra is so near to epigea that its appearance 
in the western area is not surprising. 

Forms of the Central Area, 

Eurytus, ruhama, consanguinea, fulvaria and simulator all extend into the 
western section of this area (Ituri forest or Bwamba valley) and the Abyssinian 
form youbdonis obviously derived from striata, is another link with the west. 
South Sudan shows western affinities in the presence of eurytus and ruhama. 
Other forms in Abyssinia are mimo-ras, lachesis, epaeo'ides. 

The characteristic forms of the central area are hobleyi, hemixantka, opis- 
thoxantha, infunnata, kiinowoides, tirikensis, poggeoides, terra, obscura, grisea, 
jacksoni, bicolor, ruwenzorica. It is because several of these occur in the eastern 
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part of the Belgian Congo (the Ituri forest) that that area is considered as one 
with Uganda, which in its turn contains certain western elements. 

Forms of the Eastern Area. 

Vietoris, rogersi, conradti, Jichei, 'pondo, inlanjensis, imitator. 

This area is not linked with the central area, as the latter is with the west, 
and its forms are peculiar to it. It is unfortunate that so little is known of 
the forest butterflies between the mountains of Elgon and Kenya, and espe- 
cially of Kenya itself, where one might expect to find forms linking victor is 
and rogersi with the Uganda forms. 

Further knowledge of the coastal area of Tanganyika Territory, Portuguese 
East xifrica Jind Pondoland is much to be desired. Is the fonn I have here named 
pondo an individual aberration or a well-defined entity ? The great variability 
of conradii deserves further study, for it seems an im])ortant link. 


VIII. The Mimetic Relationships op Pscudacraea eurytus and Their Bear- 
iNo ON THE Theory of Mimicry. 

D’Urban (1805) commented upon the absence of mimicry of 'Wcraca ” in 
Africa, but if he had been more familiar with the literature he could hardly 
have failed to notice the confusion, due to the likeness between Pscndacraca 
and Acraeines, which is revealed in the section on synonymy. HutlcT, indeed, 
s])ecially commented upon this in descriptions, but mimuuy, in th(‘ Darwinian 
sense, was first expounded by Trimen (18(>9). On ]>. 515 he statevs : '‘So 
deceptive is the mimicry of the Gea, by the J II tree, that Godart ([notes 
Drury’s figure of the latter as a rcepresentation of the Acraca. . . . This 

species of Panopea further ])resents several varieties of the femal(‘, which agree 
with no known examples of Acraca Gca, but, strangely enough, are very fair 
imitators of certain varieties of an allied s])ecies, A. Evryta, octuirring in tlie 
localities whicdi they inhabit.” In the section on Acraca lin/ryta, ]>. 5ir>, 
Trinien continues : " As already mentioimd, ctTtain varieti(\s of this a bundant. 
Acraca (which is known to inhabit Sierra Iamuic, Ashanti, Old ('alabar, the 
Gaboon and Congo) are the objects of imitation by v^arieties oi Panopea Ilbrcc, 

received from Congo and Old t'alabar. The particular varieties of the 
Acraca that are so imitated are known to inhabit the same localities as tlie 
mimmkers.” 

Tylor and Skertchly (1886) figure a female eurytus with a speci(‘s of Bcma- 
tistes (probably alcinoe) as model, saying (]). 80) “ a normally white butterfly 
(Panojjaca hirta lsi(*,J) mimics a normally dark (me of (juite a, diflerent section.” 

Trimen (1887) discusses imitator as a mimic of Plaucma agamcc. (pioting 
a remark of (Colonel Bowker : “ It is quite imjiossible to distinguish the diffe- 
rence between this butterfly and Aganice, either when settled or on the wing ; 
and the first notice you get is the brittle crunch between finger and thumb of 
Imitator, or the soft leathery leel of Aganux. Death is, moreover, instanta- 
neous with the former, while you may squeeze Aganice as long and as hard as 
you like without eftecit. . . .” Tiimen remarks that imitator ” is nearly 

allied to P. Ilircc, Drury ” (see table of synonymy). 

Haase (1895, with Plate III, dated 1891) figures Pseudacraea Ilirce which 
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ift “ exactly like the corresponding sexes of Acraea gea'' also figured, and men- 
tions striaUi, rmtaplanerm mdfulmria with corresponding models. 

Aiirivillius (1898, p. 531) in a small section on mimicry lists six forms of 
eurytus, as separate species, with their appropriate models. 

Trimen (1908) in his description of rogersi, which he recognizes as “ a near 
ally of P. eurytua, Linn, {hirce, Dmry),” points out that the differences from 
euryius ‘‘ indicate very clearly the mimetic apj)roximation ... to the 
common Aciraeine, Planetm moniana^ Butler, of the same region.” He j)oints 
out that the male rogersi is not so good a mimic as the male euryius, but that 
it is very noticeal)le that as in many other cases of mimic^ry - the 9 rogersi 
has proceeded further on the mimetic, path, the inner-marginal pat(;h in the 
fore wings having reached almost as reduced and evanescent a stage as in the 
9 Pseudacraea imitalor. Trim., in her simulation of Planeiua agauice. The 
members of the c?/.r^//7^.s•-g^ou]> of Psemlacraea stand out most ])r()minently 
among mimetic, butterflies in the persistency, exactness, and c.om])leteness with 
which they re])roduce the ])attern and colouring of their models, the very 
variable and abundant Plaiuonae. . . . Every variation in both sexes 

a])])ears to be faithfully co])ied throughout tro])ic.al and sub tropical Africa 
wlierever the genus Planema ])revails ... it may reasonably be con- 
je(*.tured . . . that the extension of field research will liring to light more 

mimicri(\s l)etween members of these two genera." 

Eltriugham (1910) gives an account of each of the PlaneuM-Psendaeraea, 
associations known at that film*, witli coloured plates. Speaking of si riala he 
says (]). 71) : “ .V figure of this Pseudacraea appears on Plate ITI (Diadema) of 
Ilewitson's b(‘autiful series of figures of tropical butterflies, together with the 
male and female Pseudacraea euryius and the female Pseudacraea ruliama 
IHewitson. I8b8|. All these forms were considered by tlie author to be 
varieties of one siieides, and it was th<‘ir remarkable resemblance to s])eci(‘s of 
PlaiH uta wdiieh caused liim to break through his usual reserve and comment 
u])on th(‘ir similarity. . . The comment is as follow's : ‘‘ May not all the 

imitatoi’s of tlu*s(* scented aristocrats be sim])ly votaries of fashion, aping the 
dn‘ss of thtdr superiors, and, since the females takt‘ the lead, ‘ naturally select- 
ing ’ those of the gay(*st colours." This extraordinary view% as Eltriugham 
points out, show’s that Hewdtson, like many other critics, did not uiuh'rstand 
the ]>rin(M])h* wdiich he criticiz(‘d, and seems to suggest a kind of conscious 
stiltHtion on the part of the fiunales for their own adornment. . . ." 

Jordan (1911) w as the first to .state that the numerous forms of Pseudacraea 
which he figured on Plate XXII tis thiiteen males from West Africa wdiich are 
considered to belong to at least seven sjiecies must be regarded as forms of only 
one single species, Psemlacraea euryius \j, (1758). The s])ecimens figured (h- 
not r(*present geograjihic-al races, although tluTe may be this much geographical 
in them that only a certain number of the forms occur in the same limited 
locality. Along with these Pseudacraeas is ])la(;ed a series of thirt^een males 
of Planeum, each Pseudacraea resembling more or less closely a Phwema . . . 
it is startling to find that the Planema belong to no less than tw’elve distinct 
species.” Plate XXIII shows five white-handed female s])ecimens of Pseuda- 
craea euryius with the. females of five spe(des of Planema. ' The next contri- 
bution to the subject was by Poulton (1911), and wn.s the first of a series of 
studies which put the knowledge of euryius as a mimic in Uganda on a numerical 
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basis and led to results giving support to the explanation of mimicry by natural 
selection. This paper gave an account of a large collection made by C. A. 
Wiggins and native employees at Entebbe, Uganda, from 23rd May to 31 st 
August, 1909. A slightly amended version of the figures in the 1911 paper 
is given by Poulton (1912a, p. xciii). The specific and varietal names now 
given are those in the revision of the genus Planema by le Doux (1937), who did 
not accept the new name Bematistes propounded by Hemming in Carpenter 
(1935, p. 435), and for forms of earytus those previously given in this study. 


Models, 


Mimics, 


Group 1. 

B, macarista macarista Sharpe 

B, macarista rileyi le Doux 

00 

, hohleyi 

, hemixantha or opisthox- 
antha , 

32 

3 

B. poggei nelsoni Dewitz 

. 12 

, poggeoides 

1 


93 


36 

Group 2. 

B. macarista $ ... 

. 39 

. tirikensis . 

28 

B. alcinoe camerunica Aurivillius $ 

. 11 

• 
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28 

Group 3. 

B. tellus eumelis Jordan 

. 89 

. terra 

18 

Group 4. 

B. epaea paragea Grose-Smith . 

. 12 

. obscura 

0 

Totals : Bematistes 

. 244 

Psendacraea . 

82 


(= 33-2% of the models) 

Dr. Wiggins continued sending great collections to Oxford until May, 1913, 
and the grand totals are now given. The forms of eurytus with yellow hind 
wing, classed by Poulton with hobleyi, are now separated as mimics of the male 
of Befnatistes aganice ugandae Van Someren. 


Models {Beynaiistes), Mimics (forms of emytus). 

Group 1a. 


m. macarista ^ . 

. 197 

hemixantha 

30 

m. rileyi . . . . 

. 207 . 

hohleyi 

48 

not dilferentiated 

. 18 . 

kiinoivoides with transi- 


macaria hemdeuca Jordan 


tions from hobleyi . 

22 


424 . 


100 

Group 1 b. 

poggei wlsoni 

p. poggei . 

. 144 , 

1 

, poggeoides 

2 

Group Ic. 

aganice ugandae c? . 

1 . 

, opisthoxantha with 
transitions from 
hemixantha 

6 



119 


Psevdacfom eurytus (Z.) {Lep. Nymphalidae) 


Models {Bematistes). 

Group 2. 

macarista (both forms) ? 
alcinoe camerunica $ 
aganice ugandae $ . 

Group 3. 

tellus eumelis 

Group 4. 

epaea paragea . 

Grand total 


Mimics (forms of eurytus). 


270 . 

. tirikensis . 

. 164 

59 



6 



335 



670 . 

. terra with 

transi- 


tions 

. 83 

43 , 

. obscura 

. 3 

1618 , 


357 


Among the Pseudacraeas, which are 18 per cjent. of the total butterflies, 
there are the following specimens transitional between two forms : hemixantka- 
o^nsthoxanfha, 2 ; hobleyi-kurmvoules, 4 ; terra-obscura and terra-hobleyi, 9 ; 
h -^al transitionals 15 (--— 4*2%). 

In 1911-12 I was able to collect on Darnba Island, one of the Sese archi- 
pelago lying on the equator at the north end of Lake Victoria, only some 
twenty-five miles south-east of Entebbe. The specimens proved extremely 
interesting, and were the subject of reports by Poulton (1912r/, 6). 

I have now re-examined these specimens together with a few more, found 
when the island collections were finally got together in a special cabinet, after 
Poulton's account. There are a few adjustments of nomenclature, according 
to the form names used in the jirevious pages, and the number of transitional 
or intermediate specimens has been altered slightly. The forty-three specimens 
are now shown in two columns, according to whether they correspond with 
named fonns, or are variants. Intermediates between two named forms are 
given the two names, hyjihened. 

The Benuitinles taken during the same jieriod numbered twenty-six. 


Specimens from Damba Island, 1912, 


Named Forms. 


Variants. 

hobleyi 

. 3 

terra-hobleyi ... 2 

hetnixanika . 

2 

terra -tirikensis ... 6 

opisthoxantlux 

. 1 

terra, with black bar of f.w. 

tirikensis 

. 6 

thinned or broken through 2 

poggeoides . 

1 

impleta . ... 1 

terra .... 

. 11 

terra-grisea (including Neave’s 

grisea .... 

. 4 

obseura) .... 4 


28 

15 

The aberration impleta 

(Griinberg, 

1910) is an extreme example of the 


fusion of the two yellow areas of the fore wing of terra, and the presence of a 
basal triangle indic.ates that it is a mixture of terra -tirlkensis. Discussion of 
these results will be left until data from other islands have been tabulated. 
TRANS. R. EKT. SOC. LONO. 100. PART 3. 1949.) 4 
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The variants are 34*9 per cent, of the total Pseudacraeas, which equal 62‘3 per 
cent, of the total butterflies of these associations. In 1912-13 I collected on 
the north-east end of the largest island in the Sese group — Bugalla — ^the locality- 
known as Lutoboka (Carpenter, 1914). Again I have revised the collections, 
and the specimens are tabulated as follows 


Named Forms. Variants. 


hobleyi 

. 20 . 

terra-Jwbleyi 

54 

heniixantha 

. 9 . 

terra-tirikensis 

61 

opisthomniha 

. 1 

terra, with black bar of f.w. 


tirikensis 

. 35 

thinned or liroken through 

20 

poggeoides . 

. 2 

terra^grisea (including Neave’s 


terra .... 

. 41 

ohscura) .... 

52 

grisea 

. 58 

tirikensis-poggeoides 

2 



tirikensis-eurytus . 

1 


IOC) 

. 

190 

The variants form r)G*2 

per cent. 

of the total Pseudacraeas, which were 

73*4 per cent, of the total butterflies. 

The specimen mentioned last on 

the 


list of variants is a truly remarkal)le one, for it differs very little from the tv])ical 
western e. eurytus. The white areas of the fore wing are contracted, so that 
there is a subapical area of the same size as the yellow one of terra, and the 
iimer-marginal white area is much like that of eurytus, though it clocks not 
extend so far forward. The hind wing has a white base, slightly suffused with 
yellow close to its origin ; the black border is mucdi broader than in ty])i(;al 
tirikensis. The basal triangle on the under side is poorly developed in com- 
parison with tirikensis. This specimen alone would show the cons])e(dficity of 
the West Afri(*.an with the Uganda forms. 

During 1914, before the outbreak of war, 1 was able to collect further 
examples of these associations on the northern grou]) of the Sese Isles, nearest 
to Entebbe, viz. the large island of Kome, at its western end, and the smaller 
islands close to it Bulago, Ngamba, Kimmi, Tavu (Carpenter, 192D«). The 
collections have been re-examined, and slight numeri(;al adjustments have 
been found necessary, as greater experience has in some c-ases ascribed specimens 
to different (categories ; the dividing line between a slight \-ariant and a typical 
specimen is not always easy to fix. 


Revised figures are as follows : 



Named Forms. 


Variants. 


hobleyi 

. 8 

terra-hoblei/i 

13 

hendxmitha, 

. 11 

terra-tirikensis 

12 

tirikensis 

. 18 

terra, with black of f.w. thin- 


terra .... 

. 9 

ned or broken through 

3 

grisea 

. 4 

, terra-grisea .... 

2 


50 


30 


The variants form Oo per cent, of the total Pseudacraeas, which were 18*3 
per (V‘nt. of the total butterflies. 



PseudacToea eurytus (X.) {Lep, Nymphalidae) 


121 


It is, perhaps, better to exclude the four small islands, because the number 


of specimens from each entity is small. 


hobleyi .... 3 

Jiemimntha ... 6 

iirikensis .... 9 

terra ..... 9 

grisea .... 2 

29 


Figures for the large Kome alone are : 

terra-hohleyi . . .13 

ierra-tiriken,sis . . .12 

terra, with black of f.w. 

thinned or broken through 3 

terra-grisea .... 2 

30 


The variants on Koine Isle alone form 50*8 per cent, of the Pseudacraeas, 
which were 22*9 per cent, of the total butterflies. 

The war put a stop to work on the islands, but during 1915 I was in camp 
on the west coavst of Lake Victoria, in Buddu, where the Malabigambo or Tero 
forest offered good collecting. The specimens have been re-examined save 
that as the whole of the Bematistes could not be found I have restated the 
original figure given (Car|3enter, 1920u). Out of the 13 Pseudacraeas, 1 was 
hobleyi, 8 terra, 3 terra with very slight thinning away of the black on the fore 
wing, and 1 w^as terra-hohleyi. All the variants were very close to normal 
terra ; they form 30-8 per cent, of the Pseudacraeas, which constitute 12*7 })er 
cent, of the total butterflies. But the numbers are small and ])rol)ably inade- 
<]uate for com])arison. 

After the war 1 3vas able to revisit the Kome group in 1918-19, and to 
obtain the following specimens ; again they are set forth as a result of revision, 
and the figures differ slightly from those ])reviously cited ; only Kome Island 
(its western end) is given, as very few s])ecimens were obtained from smaller 
islands : 


Named Forms. 


hohleiji . . . . f) 

hemimntha . . .3 

tirikeKsis .... 4 

poggeoides . ... I 

terra> ..... 9 

griHca .... 2 


25 


Varlvnts. 


terra-hohleyi . . .11 

terra-iirikensis . . .10 

terra with blac-k bar on f.w. 

thinned or Inokeri . . 4 

terra -grisea .... 3 
tinkeusis-jwggeoides . . 1 


The variants are 53*7 i)er cent, of the Pseudacraeas, which form 68*5 per 
cent, of the total butterflies. 

Lastly, a collocation from Buvuma Island, much to the east of all the islands 
hitherto considered, was obtained in 1946, as follows : 


Named Forms. Variants. 


hobleyi 


. 0 



hemixantha . 


. 13 


hemixaidha to opisthoxantlui . 30 

opisthoxantha 


. 16 



Iirikensis . 


. 43 



poggeoides 


2 



grisea 


. 3 





v? 


30 
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These figures are increased by 1 tiriJcensis and 1 hemimntha-opisthoxantha 
(and also one B. poggei over the figures in Carpenter (1947) as these had 
escaped being set and were found later. The variants are 28*0 per cent, of the 
Pseudacraeas, which are 42*7 per cent, of the total butterflies. 

Putting the results together we get the following table : 



Psmdacraea percentage 

Variant Psettdaoraeas 

Locality. 

in the association. 

percentage of total 
Psetidaaraeas. 

Entebbe (on mainland) 

18-0 

4-0 

Damba Island . 

62-3 

34-9 

Bugalla Island 

73-4 

56-2 

Kome Island, 1914 . 

22-9 

50-8 

„ „ 1918-19 

68-5 

53-7 

Buvuma Island, 1946 

42-7 

28-0 


It is at once apparent that there is an inverse ratio between the numbers 
of Pseudacraeas in the mimetic association and the numbers of them which 
depart from strict likeness to the models. 

There is a slight difference in detail from the previous account given in 1920. 
Firstly, as I have said, a revision of the Pseudacraeas resulted in a greater 
number being classed as variants owing to smaller differencjes now being better 
appreciated. This has nulliiied the statement (loc, cif., p. 94) about the “ differ- 
ence between the proportions of models and mimics on Kome Island in 1914 
and 1918-19." 

Secondly, in the present account I have not included the few specimens from 
the four small islands around Kome, for the reason already given. 

With this exception the island localities agree in showing greater variability 
of Pseiidacraea with the com])arative scarcity of Betmtisfes. When this first 
became clear, from the Damba specimens, Poulton wrote (191 2r;, j). 94) that, 
inasmuch as the Damba specimens were collected in almost the same months 
as the series from Entebbe with which he compared them, “ it is highly impro- 
bable that these remarkable differences are connected with climate or season 
of the year . . . The most probable exj)lanation appears to be that, in 
the condition of the jungle on Damba Island, there is something unfavourable 
to Planemas [Befmtistesjj and that, in the absence or relative scarcity of the mtHlels, 
the mimetic resemblance of the Pseudacraeas is no longer rigidly maintained by 
selection. [Italics by G. D. H. C.] The pattern of Ps. terra is found among 
the protean mimetic forms of eurytus, L., on the west coast. ... I suggest 
that in an area where these mimetic patterns are less strongly selected, there 
is a tendency, checked elsewhere, for them to run into each other, and also to 
move in the direction of the western eurytus forms, from which there can be 
little doubt that the mimetic Pseudacraeas of Uganda originally developed." 
The opinion voiced in the last few words was strikingly confirmed by the 
variant female taken on Bugalla Island [vide supra). 

This important conclusion was discussed later (Manders, 1915). It has 
received support from a study of the very variable subspecies polytrophus 
Rothschild and Jordan of Papilio dardanus Brown (Ford, 1936), in which it is 
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stated “there is a deficiency of models relative to mimics in subspecies 
polytrophus as compared with a race in which the mimicry is more fully 
developed.” 


Precise Relationship Between Species of Bematistcs and the Appropriate Forms 

of Pseudacraea eur 3 rtus. 

The earlier writers in some cases commented upon the similarity of Pseiida- 
craeas to species of Benmiifites in the same area. Coincident distribution is, of 
course, necessary for mimicry, provided that it is not insisted that the (ioinci- 
dence shall be complete to the last detail. A certain amount of latitude must 
be allowed, e.^?. in the case of Papilio dardanus trophonissa Aurivillius, which 
occurs in thicker c.over than that usually frequented by Danaus chry.nppus L. 
But no numerical comparison was made until the fp*eat collections of C. A. 
Wiggins at Entebbe were examined. 

These have been tabulated above (p. 118), and it will be useful to state the 
type of coloration for each grouping. 

Crrou]) 1a, b, have an orange or orange yellow band crossing the front wing 
and a white bar across the hind wing. In 1a the tint of the band on the fore 
wing is richer and the direction more antero-posterior than in 1 b. In Ic the 
hind wing is also orange. Group 2, consisting of females only, is l)lac5k and 
white. Group 3 is orange, but the pattern of the fore wing consists of an 
obli({ue sul)apical bar and an inner-marginal patch, and the hind wing has no 
basal triangle. Group 4 has somewhat the same pattern, but the pale areas 
are contracted and dull yellow or yellowish white, and there is a small basal 
triangle on the underside of the hind wing. 

In the first ])lace it may be said that, taking regional distri])ution, there is 
close corres}) 0 !Klence. Grou]) 1 is characteristic of Uganda, and the arljoiniiig 
part of the Belgian (\)ngo and rare in AVest Africa. Grou]) 2 is widely distri- 
buted, although the species are different in some cases in the two regions. 
Group 3 depending on Bcmitisies tellus has its headquarters in Uganda, and 
examples in West Africa are scarce. (J-roup 4 is peculiar to Uganda and the 
Congo border. On the other hand, the characteristically AVest African Be)m- 
tist^s c. epaea, with its mimic the nomino-typical mn/tns, does not ocmir in 
Uganda, nor the form striata mimicking Betmtistes vesfalis. But, unfortu- 
nately, there are no AVest African collections from which statisticjal evidence 
can be obtained to show, as the following data will show (Table II), the corre- 
spondence in any one locality between numbers of models and their a])propriate 
mimics. 

The table shows the following correspondences between the prevalence (ff 
species of Ben^xtistes and forms of Pseudacraea eurytus. At Entebbe the com- 
binations 1 A 1b, with the females of 1a as 2, are res])onsible for the majority 
of models and mimics, while 3 follows fairly closely, and Ic and 4 are negligible. 
See Poulton, 1926, p 23 for increase of a^anice at Entebbe. 

On Bugalla Island the chief place is taken by 4, with 3 next, and the rest 
on a lower level, Ic again being negligible. 

On Buvuma Island there is a great increase in Ic {aganiee), of which the black 
and white female helps to swell 2, which in Pseudacraea is particularly well 
represented. A point of interest is that 1b is so unusually large that it is 
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Table 11. 





Bematistes, 


Psfudacraea. 



Group. 

Total. 

JiJ umbt* r 
bt'lonK- 
iiiK to 

Per- 

centage 

of 

^ Numbiir 

TntAl 

ingto 

Per- 

centage 

of 

lieinarkB on the Pseudacraeas. 




group. 

total. 


group. 

total. 



lA, iB 

1618 

569 

35 2 

357 

102 

28-6 

The variation is so slight in the 15 

lo 

* ” 

1 

— 

»» 

5 

1-4 

variants that the groups are not 

"s 

2 

»» 

335 

20 7 

ft 

164 

45 9 

affected. 

B 

H 

3 


670 

41 4 

t* 

83 

24 4 


4 

» 

43 

2 6 

ft 

3 

0 8 



1a, 1b 

129 

12 

9 3 

166 

31 

18.7 

Some of the variants are not recon- 

Ic 

,, 

0 

0 

ft 

1 

0 6 

cilable with any group. But if 

l>4 1 

' 2 


9 

6-9 

ft 

35 

21 1 

those varying only slightly were 


1 3 

>> 

33 

25 6 

ft 

41 

24 7 

attached to groups the numbers in 

i 4 

ft 

75 

5S 1 

** 

58 

34 9 

(Groups 3 and 4 would be much 
increased and 1 and 2 propor- 
tionately diminished. 




^ lA 

144 

3 

2 1 

77 

13 

16 9 

In (Iroup 1a the forms v ith white 

a . 

iB 

»» 

21 

14 6 


2 

2 6 

band on h.w\ not touched with 

S 'S 

B 3 

Ic 

t* 

70 

48 6 

ft 

16 

20 8 

yellow' have been sw^amfied by the 

2 

ft 

45 

31 2 

ft 

43 

56 0 

forms with ])artlv or entirely 

PqM 

3 

ft 

1 

— 

ft 

0 

0 

yellow^ h.w. composing 1b and Ic. 


1 4 

tf 

4 

3 5 

ft 

3 

3 9 

30 specimens have more ycilow 


than hernixantlia, but not quite so 
much an opinthoxunihu. 


N.B , — There are two more Pseudacraeas and one more Bcnwti-sU^s than an* shown in (.Viqitmter 
(1947). They had eluded the setting? board and wei*o found in papu's later. 

shown separately for the first time. The chief ])()int about the Biivuma 
specimens lies in the Pseudacraeas of Group Ic. Although these are shown as 
only 16 per cent, because of strict ac, curacy in not including variants, the influ> 
ence of the male axjanice is greatly emphasized by the fact that among the males 
which constitute 1 a not one has the pure white bar on the hind wing (as in 
macarista and hohleyi). Moreover, in addition to the half-yellow henmantha^ 
of which 13 are listed, there are 30 specimens with still more yellow which 
are not shown because they are variants on the way to opiMhoxanUm.. 

Regarding the greater number of B. poygei and eurytus poygcoides on 
Buvuma Island, it is interesting to refer to a small collection from the Eastern 
Province of Uganda in which I developed (Cai*])enter, 1924) a point to which 
Neave (1912) had drawn attention, namely, that in the absence of a black and 
white model the female fonn tirikemis tended to be replaced by poggcouicH in 
accordance with the greater abundance of B, poggei. 

In other j)arts of Uganda large collections have been obtained, but as it is 
not certain that they were made strictly without selection, statistical evidence is 
lacking. But many points of interest arise, showing certain similarities between 
BetmMes and PseiMhcxam. 

Thus in the Budongo forest (Carpenter, 1936) east of Lake Albert, which 
must be a portion of the great western forest, as it contains chimpanzees and 
pottos, there is a form of B. epaea intermediate between the western e. epaea 
and the Uganda e. paragea. Male and female alike have the paler areas 
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reduced in size and cream coloured (Carpenter, 19366). This is faithfully 
copied by the form of eurytus, which I have named jctcksoni. Both occur in 
another western forest (Bugoma), hut jacksoni is not found apart from its model. 

A very striking Bematistes, tellus schvbotzi Griinberg, occurs in the Budongo 
forest and along the valley country south of Lake Albert. It differs from t, 
tellus chiefly by the brilliantly shining white subapical area on the fore wing 
of the female. Associated with it is the corresponding form hMor of the 
Pseudacraea,. Forms approaching hicolor may be found very o(icasionally as 
rare variants in other parts of Uganda, but it is not fully established except 
in the presence of B, schuhotzi. Therefore it is particularly interesting to find 
that there are specimens of bicolor and a form of epaea with the same coloration 
{insularis Aurivillius) in the National Collection from Fernando Po ! 

Again referring to the Budongo forest, all the specimens of B. tmcarista that 
I have seen (11) are of the form m, with white hind wing bar, and so 

are the appropriate forms of the mimic (hobleyi, 5). Along the mountains of 
the Sudan 'Uganda border B. epaea occurs in some rather interesting varieties, 
and corresponding variations in Pseudaeraea eurytus also occur there. 

In Abyssinia Ungemach figured in colours (1932) a striking pair of model 
and mimic which are not known outside that locality. 

The restriction of the Pseudacraea in Natal to a single sexually dimorphic 
form agrees with the fact that in that country there is only the one species of 
Benuifistcs, sexually dimorjfiiic. What a contrast to the wealth of forms in 
West Africa ! 

There is not enough knowledge of details of distribution in the west for any 
statements to be made comparable with the preceding, but it is clear that both 
B. vestahs and its mimic striata arc truly “ coast ” species and do not range 
very far into the (Jongo. 

On the other hand, (a^rtain very striking spe(;ies of Benuitistes lack the 
appro])riate mimetic form of Pseudacraea, and chief among these is B. qnadii- 
color Bogenhofer. This is abundant in the mountain country of western 
Uganda and the adjoining ])arts of the (Vmgo, and again on the highlands of 
East Africa. It has ap})arently mfiinmced Acraea johnstoni Godnian to produce 
the form ba,tleri Aurivillius, which is only found with qmidncolor. Now, with 
one exc,e])tion, no form of enrytns is known which corresponds to quadricotyr. 
Although eurytus does iu)t fly at the higher levels frequented by quadrwotor 
their ranges do overlaj) on the oast side of Lake Victoria, and in Usambara. 
The exce])tion is extremely interesting. Griinberg (1912) figured, under the 
name ruwenzorica a sjiecimen from the west side of Ruweiizori at 1800 metres, 
which most clearly niimi(‘s qu.adru'oJor. But no other specimen has yet come 
to light, and accessions are much wanted. Dr. van Someren is of the opinion 
that the form victor is is a mimic of the race of quadrivolor occurring in the same 
locality, leptis Jordan, but mori* observations are required. 

Another Beniafistcs for which no mimic is known is B. formosa Butler, a 
large species with a brown band across the fore wing and a very sharjily defined, 
narrow, pure white band on the hind wing. Though a large species, it does 
not appear to be abundant, which may explain the absence of a mimetic 
Pseudacraea ; the type of coloration would seem to be well within the scope 
of the variations in Ps. eurytus. 

The coincidence between the coloration of Bematistes and Pseudacraea in 
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the same area induces opponents of the Darwinian explanation of mimicry 
to put forward the alternative explanation that the agreement is due to exposure 
of the two types of butterfly to similar environment. This facile and commonly 
used argument does not bear investigation. The appearance of a butterfly 
does not result from the environment in which the imago lives ; the pattern 
is laid down in the only actively growing stage, the larva. It is not at all 
certain that the environmental influences are the s^ime for a Bematistes as for 
a Psmdacram. I found larvae of B. poggei on Damba Island feeding on a low- 
growing creeper, while enrgtus larvae feed on a forest tree at a very different 
level. The absurdity of this argument will be obvious if it is applied to Lycid 
beetles and their mimics, which between them exemplify almost every possible 
variety of larval food and environment and yet have similar coloration in the 
adult. 

The remarkable variation, and departure from strict likeness to the model, 
in an area where the latter are sc.arce, militates against a purely environmental 
explanation. The changes in proportions of the different species of model and 
forms of mimic in localities so near as Entebbe and Bugalla Isle do not support 
an environmental explanation of mimicry. For instance, the fJ-rou]) 4 is very 
scarce at Entebbe, but abundant on Bugalla Isle and scarce again on Buvuma. 
But on Buvuma the male form with orange hind wing (opisthoxantho and tran- 
sitions to it) is vastly predominant, while very very scarce elsewhere. This is 
associated with a species not of any account as model at Entebbe, and absent 
from Bugalla. 

The theory might be called upon to explain presence or absence, but its 
application to relative differences in numbers and variability seems difficult. 

Consideration of the forms on Bu\mma Island is appropriate. The common 
male form hobleyi of the Fseudacraea has the hind wing bar pure white, or 
slightly yellow anteriorly in the form hemixanthu. Such specimens are widely 
spread over the mainland of Uganda, especially west of the Nile, and, on the 
theory, owe their whiteness to that country. On Buvuma Island, further 
eastward, the male never has pure white hind wings, but ranges from hemi- 
xmtfha to opisthoxantha , in which the hind wing is wholly yellow ; this would be 
ascribed to the action of Buvuma conditions. The female Pseudacram common 
in western Uganda, the black and white form Hrikensia, is also presumably a 
product of Uganda west of the Nile. On Ifuvuma Isle it still remains abundant, 
i.e. whereas according to theory Buvuma conditions have altered the male, 
the female has not responded. 

An ex])lanation is to be found for both sexes in the suj)erabundance of an 
eastern species of Bermtistes (aganice), of which the male provides a new model 
for the Pseud/acraea while the latter has a model for its female so little different 
from the usual model that no change has been effec^ted in that sex. If, however, 
a purely environmental explanation is sought, it has to admit that the male 
but not the female has responded on Buvuma Island. Consideration of other 
specues shows how the environmental explanation fails to meet facts. The dull 
Uganda race paragea of the widespread Beniatistes epaea appears to be a weak 
protector for eurytus in most parts of Uganda, compared with other Bermtistes, 
Jordan (1911) pointed out that Elymniopsis phegea F. has a form in West 
Africa resemblmg Bematistes e, epaea. But in Uganda phegea does not mimic 
the local race paragea of epaea, but follows more abundant models. 
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The form bicolor of Pseudacraea eurytus is also significant. It does appear 
occasionally as a rare variant of terra, but in the absence of a model it remains 
a rarity. But in two such distinct areas as the great western rift and the 
island of Fernando Po, in the presence of a similar species of Bematistes it 
takes its place as a mimic. 

Another explanation of mimicry that seems at first sight plausible is that 
it is merely an expression of parallel variation between species not very far 
removed in relationship. This is not the place to counter that argument from 
examples outside the sciope of the present study. But a remark by Trimen 
is so appropriate that allusion to it may be made here. He points out (1897, 
1 : 38) that the nmles of Papilio echerioides Triinen and P. cyncyrta Fabricius 
are very much alike, hvL\>t)x<efe}mle of the former mimics Amauris, of the latter, 
BeniaMsf£s, It may be pointed out that, while it is true that all forms of eurytus 
correspond to species of Be7mtistes, t\ii& is not the case if the genus Psemlacraea 
as a whole be considered. Reference to the table, p. 73, in the earlier part of 
this study shows that species of Pseudacraea mimic s]:)ecies of two genera of 
Acraeidae and two of Danainae. 

There is also illustrated by Pseudacraea eurytus the phenomenon of secondary 
mimicry. This may be looked for in an association containing numerous 
distinct species w^ith a general uniformity of appearanc.e resembling some 
predominant model. The smaller details of coloration and pattern, however, 
may not be ])re(iisely similar, and sometimes it is found that one of the mimics 
of the primary model has certain minor peculiarities which are also borne by 
another member of the groii]), or even by a variety of another member, that 
member also a})pearing in the group without those slight diftereiices. 

I have previously pointed out (1947, pp. 64-5) that large mimetic associations 
should be regarded as a chain rather than a " ring,” and that secondary miinicr}’^ 
supports this view. Among the Uganda mimics of Beuuitisies macarista and 
poygei there is a large, robust, s])ecies of Psemlacraea, the form kiinoiri Dewitz 
of the western gotthergi Dewitz. The orange band of the forewing of this 
species is shar])ly angled and narrowed anteriorly. Also in Uganda there 
occurs, with kunowi, a form of eurytus in which the orange band of the fore wing, 
instead of being gently curved and of apjiroximately the same width anteriorly 
as posteriorly (as in hobleyi), is shaiply angled, and narrowed anteriorly as in 
kiinowi, and it has therefore been named kuuommles (PL II, fig. 16). The 
robust bodily structure of kiinojei, its larger size and vigorous habit, suggest 
that it may have served as a model (for minor features) for a form of eurytus, 
while both are still mimics of the relativelv more distasteful Benmtistes, 
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PLATE I. 

Male forms of Pseudacraea eurylus (L.) West Africa. 

FIG. 

1. eurylm L., West Africa. Purchasc'-d. (O.U.M.) 

2. Transitional from euryfus to rvhmmi^ C^ameroons, Bitje, da River, 2(KK) ft., dry season, 

Januarv-Mareh, 1907, G. L. Bates. (B.M.) 

3. ruhartm Hew,, atypical. French Congo, Lambarenc, Harrington. (B.M.) 

4. ruhama Hew., atypical. Gaboon, Cajie Lopt*z. (B.M.) 

5. rvJuinui Hew., typical. Data as for 2. (B.M.) 

6. ruhama Hew., atypical. Gaboon, Lake Azingo, December, 1907, Dr. Ansorge. 

(B.M.) 

7. Transitional from rufuima to theorini, Belgian Congo, Kasai, Nolekesha, 27th March, 

1919, Scheut Mission. (B.M.) 

8. Aiiriv., Cameroons. (B.M.) 

9. Transitional from theorini to striata. Cameroons. (B.M., Crowley l>equest.) 

10. siruita Btlr. Nigeria, near Lagos, dry season, 17th February, 1911, W. A. Lam bom. 
(O.U.M.) 





PLATE 11. 

Male forms of Psevdacram eurytm (L.). West and East Africa, 

Fia. 

11. Transitional from ruhama, to fulvaria. French Cameroons, Bitje, 3° N., 12° E., wet 

season, 1926, G. li. Bates. (B.M., Joicey bequest.) 

12. fulvaria. Btlr., typical. Belgian Congo, Haut-Kasai, Lulua, Sankuru, 1902-4, Land- 

l)eck. (B. M., ex Oberthiir.) 

13. Transitional from falvnria to stimulator ^ French Congo, Lambarenc, Harrington. 

(B.M.) 

14. Transitional irom fulvar in to simulator. Gold (k^ast, Ashanti, Coomassie to Kintampo, 

April, 1899, Northcott. (B.M.) 

16. simulator Btlr. Angola. (B. M., ox Hewitson.) 

16. hmoumides Orfintr. Uganda, Bunyoro, Budongo forest, October-Noveriibcr, 1939, 

native collecttor for T. H. E. Jackson. (O.U.M.) 

17. hohleyi Neave, typi<?al. Uganda, Entebbe, 7th August, 1909, native collector for 

C\ A. Wiggins. (O.U.M.) 

18. infuwata forma nova. Type. Uganda, near Kampala, September, 1934, T. H. E. 

Jackson. (O.U.M.) 

19. hemixantha forma nova. Type. Uganda, Buvuma Island, Magyo, 15th February, 

1945. Native collecjtor for G. D. Hale Carpentei-. (O.U.M.) 

20. opisthoxantha Crpntr. 3rd February, 1945. Ixxjality etc., as for 19. (O.U.M ) 




Male iornis Pseudaoaen einytus (L i West aiui East Africa 


( Xboiit I natural M/r). 


PLATE III. 

Female forms of Psetidacraea eurytus (L), West Africa and Abyssinia. 

FIG. 

21. strmUi Btlr., typical. Liberia, 12 mUes east of Monrovia, July, 192b. VV'. Portal 

Hyatt. (B.M.) 

22. youhdonis (Jng., South-west Abyssinia, near CJacher (Gacheb) riv(3r, T T N., 35'^ 

22' E., 3800 ft., 15th February, 1927, A. Hodson. (O.U.M.) 

23. striata Btlr., atyj)ical. Cape (/oast. (B.M.) 

24. striata Btlr., atypical. Nigeria, Oni, near Lagoa, dry season, 31st December, 1910, 

W. A. Lamborn. (O.U.M.) 

25. stavelioideSf forma nova. T>t)o. Nigeria, Oni, near Lagos, 8th Maicdi, 1911, W. A. 

Lamborn. (O.U.M.) 

26. corisariguinea. Auriv. Isubu. (B.M., ex Distant.) 

27. ruhrma Hew., atypical. South-west Sudan, Tembura, 10th December, 1918. (B.M., 

ex Oberthur.) 

28. rahama Hew., typical. Gaboon, Ogowe, 1890, L. Gazengel. (B.M.) 

29. Transitional from riihami to ejtigm, Camoroons, Bitje, Ja River, 2(K)0 ft., CJ. L. 

Bates. (B.M., ex Bethune Baker.) 

30. epigm Btlr., typical. Frene.h Gmnea, Konakri. (B.M., Joicey bequest.) 




loiins ni Pscudan (It’d eiuytus i IJ. WVsl Afuca and Abyssinia. 


(Al)()in ; ii.ituial si/.a. 


PLATE IV. 

Female forms of Pseudacraea evrytm (L.). West Africa, Uganda, South Sudan. 

FIG. 

31. epigea Btlr., pale, atypical. Tanganyika, Region de M’Pala. (B.M., ex Oberthiir.) 

32. Transitional from epigea to fulvaria, Belgian Congo, Stanley Pool to Lukolela, 

1894, Harrison. (B.M.) 

33. fulvaria Btlr., typicial. French Congo, Lambarene, Harrington. (B.M.) 

34. Transitional from fulvaria to simulator, Sao Thome Island, 28th September, 1932, 

W. H. T. Tams. (B.M.) 

35. simulator Btlr., typical. Belgian Congo, Haiit (^ongo, Basankusu, Bongandanga, 

22nd February, 1933, Gertrude VinaU. (O.U.M.) 

36. simulator Btlr., at^ical. Belgian Congo, Katanga, January, 1929. (B.M., Joicey 

bequest.) 

37. tirikensis Noave, atypical, Uganda, Buvuma Island, Magyo, 30th January, 1945, 

native collector for G. 1). Hale Carpenter. (O.U.M.) 

38. tirikensis Noave, tvpioal. Uganda, Entebbe, 27th Sei)teml)er, 1910, C. A. Wiggins. 

(O.U.M.) 

39. tirikensis Neave, atypical. As 38, except date 8th August. 

40. poggeoides Poulton, South Sudan, Mongalla Province, Achdli Hills, Lotti, 3000 ft., 

July, 1930, 1. G. Owen. (O.U.M.) 


Note, — Figs. 36-39 show a yellowish border to the white on the hind wing which is 
not apparent in the butterflies. It seems possible that, as Figs. 37-39 are the Uganda 
representatives of the (3ongo forms Figs. 35-36 in which, to the eye, the yellow has 
become white, the chemical change is incomplete and still reveals some yellow in the 
process of colour reproduction. 




PLATE V. 

Female forms of Pseutiacraea eurytus (L.). West and East Africa. 

FIG. 

41. consanguvnm Auriv., atypical. (Jaboon, Lake Azingo, December, 1907, Dr. Aiisor<;e. 

{B.M.) 

42. Transitional from voiiHayujuinaa to Ihcorini. Data as 41. 

43. theormi Anriv. ('anu‘roons. (B.M.) 

44. Aiiriv. Isiibu. ( B.M., ex Distant.) 

45. ohscvrn Noave, atyjacal. IT^^anda, “Port Alice" [Entebbe), 19th July, 1894, Dr. 

Ansor^e. (B.M.) 

46. grism forma nova. Tv7)c. ITganda, Sese Isles, Bu^alla, ijutoboka, 12th March, 

1912, (1. D. Hale Tarpentor. (O.U.M.) 

47. ohscura Neave, typical. Data as 46, except date 10th Au^rust. (O.U.M.) 

48. terra Neave, typical. Uganda, Entebl)e, 18th August, 1911. 0. (\ (low (ley. (B.M.) 

49. terra Noave, atyjacal. Data as 46, exci^pt date 13th Novcuuber. (O.I'.M.) 

50. ab. imphta Orimb. Uganda, Sese Isles, Korno Island, August, 1926, Mr. and Mrs. 

W. 0. Simmons. (0.6\M.) 




FcinaJr ioiiiis iA' Pseudattaea eutytu\ (L.). West and East AfiicM. 
(About ^ natural size). 


PLATE VI. 

Forms of PsevdcLcraea eurytiLS (L.). 

FIG. 

51. eurytus L., typical. Sierra Leone Protectorate, 1910-13, Charles A. Foster. 

(O.U.M.) 

52. rogersi Trim., $, t3rpical. Konya Colony, south of Mombasa, Kwale, March, 1939, 

T. H. E. Jackson. (Coll. Jackson.) 

53. rogersi Trim., $, atypical. As 52. 

54. conradti Oborth., 9* Tanganyika Territory, Morogoro district, Turiani, 9th June, 

1933, B. D. Burtt. (O.U.M.) 

55. mlanjensift Crjmtr., $, typical. Nyasaland, Mlanjo, 27th January, 1913, S. A. Noave. 

(B.M.) 

56. imiUiUyr Trim., $, typical. Natal, Durban, bred 20th April, 1910, A. D. Millar. 

(O.U.M.) 

57. imitator Trim., 9, atypical. Data as .56 except date 6th February. (O.U.M.) 

58. poggeoides Poult., 9> atypical. Uganda, Buddu, Malabigambo forest, KaUu*a, 

November, 1935, T. H. E. Jackson. (O.U.M.) 

59. hicolor Auriv., 9» Belgian Congo, Ituri forest, Beni, Oc^tobcr, 1946, T. H, E. Jackson. 

(O.U.M.) 

60. hicolor Auriv., $, Fernando Po, Timbabc, near Santa Isal)el, 20th July, 1916, U. H. 

Bullock. (O.U.M.) 




PLATE VII. 

Male forms of Pseudacraea eurytus (L.). East Africa. 

FIG. 

61. rogersi Trim., atypical. Kenya Colony, south of Mombasa, Kwalo, April, 1939, 
T. H. E. Jackson. (CJoll. Jackson.) 

02. rogersi Trim., slightly atv])ical. Date as 61 except date October. 

63. rogersi Trim., atypical. Data as 61. 

64. conradti O berth., atypical. Tanganyika Territory, Usambara, Amani, May, 1945, 

native collector for T. H. E. Jackson, ((bll. Jackson.) 

65. occidentalis Auriv. [Tanganyika Territory.] Usigua. (B.M. doicey bequest.) 

66. pondo forma nova. Tyjie. South Africa, CajK^ Province, West Pondoland, Port 

St. »Iohn\s, 16th April, 1915, H. H. Swinnv. (B.M.) 

67. conradti Oberth., typical. Nyasaland, Chinteche. (B.M.) 

68. rnlanjensis Crpntr., typical. As 67, 14th May, 8. A. Nt'ave. (B.M.) 

69. imitator Trim., typical. Natal, Durban, bred 22ud March, 1910, A. D. Millar. 

(O.U.M.) 

70. jacksoni forma nova. Type. Uganda, Bugoina fort^st, October, 1939, T. H. E. 

Jackson. (O.U.M.) 




• PLATE VIII. 

PjQ Historic specimens of Pseudacram eMrytus (L.) 

A. The Linnaean type of eurytus, in the lannaean collection, Uppsala. Photo, by kindness 

ofMr.W.H.T.Tams, 1947. 

B. The male of eMrytus ('^hirce ”) in the Banksian collection in the care of the Linnaean 

Society of London. Photo, by W. H. T. Tams. 

C. Clerck’s figure of eurytus. Photo, by kindness of Bodley’s librarian. 

D. Figure by Jones in his “ leones.” Photo, by kindness of Bodley’s librarian. 
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THE ZYGOPTERA OF MAUEITIUS (ORDER ODONATA). 

By Lt.-Col. F. C. Fraser, LM.S. (Retd.), F.R.E.S. 

Manuscript received 21st May, 1948. 

(Read 1st December, 1948.) 

With 3 Text-figures. 

It is nearly eighty years since anything was published on the Zygopterous 
fauna of Mauritius, that is, if we except those species which have a distribution 
extending beyond the confines of the island, such as Ischnura senegaUnsis 
(Rambur) or Pseudagrion puncium (Rambur), the former being widely distri- 
buted from Senegal in West Africa to the Philippines, and the latter occurring 
in the neighbouring continent of Africa. Our knowledge of the purely endemic 
fauna is contained in the imperfect descriptions of the two species insulare 
Selys and rufipes Rambur, the generic positions of which were, and still remain 
to the present day, decidedly obscure. The collections made by Mr. Vinson, 
which have been passed on to me to deal with, have now given us ample material 
to clear up this obscurity and to place the taxonomy on a sound basis. The 
collecti(3ris contain numerous examples of insulate and rufipes, as well as 
specimens of Pseudagrion punctum (Rambur) and a new species of Ischnura 
described below which I have great pleasure in naming vinsoni, after its collector. 
Mr. Vinson also informs me that he has taken another species of Ischnura, and 
although I have not yet seen this, it is safe to say that it will turn out to be 
/. senegalensis (Rambur), which has been reported already from Mauritius by 
Selys, but not so far included in Mr. Vinson’s collections. 

There remains still to be rediscovered Platycuemis mauriciana Selys, described 
in 1863, from an incomjdete male, as a race of latipes but later (1886, Syn. 
Agi\ : 223) as a possible new si)ecies. Dr. Erich Schmidt has some unpublished 
descriptions of speiaes belonging to this genus from Madagascar, one of which 
may be nuiuriciaYia, It is to be hoped that Mr. Vinson will soon add this 
species to his now nearly complete list of the Odonata of the island. 

In this paper, Agr'wn insulate Selys, whose retention in the genus Agrion is 
now obviously impossible, has been placed in a new genus : the case of rufipes, 
however, has presented greater difficulties. It was described originally by 
Rambur as an Agrion in 1842 and listed under the same genus by Selys in 1862. 
In 1869, Selys placed it under a new- genus, Agriocnemis, but unfortunately 
gave no definition for the latter. Listed under his new genus were solitarm 
Selys (nom. nud.), rufipes Rambur and exilis Selys (nom. nud.) : thus rufipes 
was the only valid species and automatically became the genotype, although 
not cited as such by Selys. Three years later, Selys validated solitmm and 
exilis by describing them more or less fully under Agriocnemis, the latter species, 
however, with a query. No mention was made in this paper of rufipes nor of 
its relationship to the other two species. Ivirby, in 1890, in the capacity of 
first reviser, designated rufipes as genotype of Agriocnemis and undoubtedly 
acted within his rights ; because of our lack of knowledge of the species, this 
designation has never been questioned. (Dr. Ris, however, in his private and 
TRANS. R. ENT. SOC. LOND. 100. PART 4- (JUNE 1949.) 5 
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unpublished catalogue of Odonata, quoting Kirby’s reference, puts “ (Type des 
Gattung ! !) ” and omits this species altogether from his list under Agriocmmis.) 
It was not until 1877 that Selys gave the first definition of the genus Agriocnemis^ 
listing under it ten species, including in this number exilis, but excluding solitaria 
and rujipes ; the former was placed in a new genus, Argiocnemib, the latter 
relegated again to its former genus, Agrion ! It is difficult to fathom the 
Selysian reasons for this volte faccy for he had the type of rufipes before him in 
his own collection : nor can he be said to have forgotten his original reference, 
for he actually cites Pollen and Van Dam where rufipes is listed under Agrioc- 
nernis. 

Since Selysian times, the number of species in Agriocnemis has risen to 26 
and our conception of the genus has become a sharply-defined and fixed one, 
with A. pygnhoea (Rambur), a species found in every Imown collection, especially 
tjq)ifying it. This conception and the characters of pygmaea and of its 
numerous relatives are entirely at variance with those of rufipes, so that, if 
according to the Rules of NomencLature, the name Agriocnemis be reserved for 
the latter, it will necessitate the removal of more than two dozen species to a 
new genus with all the resultant chaos involved. I have discussed this problem 
with a number of my colleagues and we have come to the joint conclusion that 
it will involve less disturbance of existing nomenclature if the name Agriocnemis 
be retained for the large group pygmaea, whilst a new genus be erected for the 
comparatively little-known rufipes. Accordingly we have addressed the 
International Commission to this effect and, in anticipation of a favourable 
outcome to the appeal, and to avoid unnecessary delay in the preparation 
of this paper, I have decided to erect a new genus, Coenagriocnemis, to accom- 
modate rufipes : for insulare, which now stands under Agrion, a second new 
genus, Coenargiocnemis, is erected. These two names, nearly approaching those 
of the old, are easily assimilated and will thus cause less confusion in the 
nomenclature. The late Mr. J. E. H. Roberts has suggested that exilis be 
chosen as the new genotype for Agriocnemis, and I was at first inclined to agree 
with this proposal since it was one of the three species originally included under 
the genus by Selys, but exilis is less well known than many of the other species 
and it was also described from an imperfect specimen with the end of the 
abdomen missing and therefore without anal appendages. Since these 
appendages are the principal character for differentiating the species and since, 
therefore, it is by no means certain that what is now known as exilis is 
synonymous with the Selysian type, it seems to be more practical to choose a 
species of which there is no doubt and which is well known to all specialists in 
the order : I therefore designate Agrion pygimea Rambur as the genotype 
of Agriocnemis Selys. 

Only seven species of Zygoptera are known from Mauritius and all of these 
belong to the smaller species of the superfamily Coenagrioidea. These are 
classified as follows : 

Family Coenaokiidae. 

Genus Ceriagrion Selys. 

1. C. glabrum (Burmeister). 

Genus Pseudagrion Selys. 

2. P. punctum (Rambur). 
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Genus Ischnum Charpentier. 

3. 7. senegalensis (Rambur). 

4. 7. musoni sp. n. 

Genus Coen^griocnemis gen. n. 

5. C, ruffes (Rambur). 

Genus Coenargioenemis gen. n. 

C\ insulare (Selys). 

Family Platyonemididae. 

Genus Platycnemis Charpentier. 

7. P, maurieiaua Selys. 

Key to Species of the Mauritian Zygoptera, 

1. C rout id-colour white with strongly contrasted black markings; tibiae 

markedly and fiisiformly dilated .... Platycnemis mauriciana 8^*lys. 
(Irouiifl-colonr other than white ; tibiae not dilated 2. 

2. Species uniformly coloured orange and without any trace of dark 

markings ; females uniformly olivaceous . (Jeriagrion glabrum (Burm.). 
Sp<‘eies with blue ground-colour and extensive dark markings ... 3. 

3. Dorsum of thorax black, marked with two bright brick-red stripes; 

superior anal appendages with crochet-hook-like apex ; apex of 
segment 10 without tubercles . . . . Pseudagrifm pwti^ctum (RAmhnr). 

Dorsum of thorax black, marked with blue or greenish-yellow stripes ; 
superior anal appendagcss variable but usually with a robust ventral 
spine ; two small tubercles separated by a notch on the apical border 


of segment 10 4. 

t. Pterostigmas of fore and hind wings differing in colour 3. 

Pterostigmas of fore and hind wings of the same colour .... 


3 Suyierior anal appendages without a ventral spine ; inferior anal appen- 
dage slof)ing strongly upwards ; segment 9 black on dorsum 

Ischnura senegalensis (Rambur). 

Su])erior anal a})])<*ndage8 with long curved ventral spine; inferior anal 
jqipendages directed straight backwards ; segment 9 blue on dorsum 

Ischnura vinsoni s]). 

() L<*gs bright chrome yellow ; blue antehuraeral strijies, complete and 
tlank«*d outwardly by a second much finer stripe 

Coenagriocnemis rufipes (Rambur). 

L(‘gH black ; blue antehurneral stripes broadly interrupted, forming 
an u])]>er isolated spot and a lower wedge-shaped stripe broadest 
iiiferiorly C(>enarqioc9iemis iusulare (Selys). 

Ceriagrion glabrum (Burmeister). 

Agrion ghhrum Burmeister, 1839, Handb. Ent, 2 : 821. 

Agrkm ferrugmeum Rambur, 1842, his, yecroj). : 280. 

Hrachyhasis glabra Selys, 1869, Ann. Soc. ent. Belg. 12 : 95. 

Tilehasis glabrum Selys, 1869, Pollen ntui Van Dam, Madagasc. Ins . : 24. 

('eriagrion glabrum Selys, 1876, Bull. Acad. Belg. (2) 42 : 527. (Mauritius.) 

Brachylfasis rhomboidalis Kirby, 1898, Ann. Mag. nat. Hist. {1)2 : 24,5. 

Ceriagrion rhomboidalis ClrunlH'ig, Zool. Jh. (Syst.) 18 : 699. 

Ceriagrion glabrum Campion, 1914, Ann. Mag. nat. Hist. (8) 14:277. (Mauritius and 
Madagascar.) 

('eriagrion glabrum Fraser, 1941, Proe. Ji. ent. Soc. Land. (H) 10 : 62. (Key to Afrieau 
s])eeies of j/enus.) 

'r«ANK. K. ENT. SOC. EON]>. 100. PART 4. (JUNF 1949) r>§ 
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Material examined : 3 males from Moka, 10.vi.46, coll. J. Vinson, The 
species is widely distributed throughout Africa and Madagascar, and has 
extended as far eastwards as the Seychelles and Mauritius. Easily distinguished 
from all other Mauritian species of Coenagrion by its bright orange colouring 
without any dark markings, and from all other species of the same genus by the 
ro])ust spines flanking the deep apical notch on segment 10. 

Pseudagrion punctmn (Rambur). (Fig. 1 , / and g). 

Agrion pyncPum Hambiir, 1842, Ins, Neirop : 260. 

Agrion pyncium Rely« tw Maillard, 1862, Annexe K, Nevrop, : 35 (Reunion, Bourbon). 

Agrion pnnHnm Selys. 1869, Pollen and Van Dam,, Mnda,gasc, Ins. : 24. (Madagascar.) 

Agrion ? puncfnm 8elys, 1876, Bull. Acad. Belg. (2) 41 : 1291 {Syn. Agr. (sop.) : 181). 
(Mauritius.) 

( U}enagrion puncturn Kirby, 1890, Gat. Odmi. : 150. 

Pseudagrion pnnclum Gerstaocker, 1891, Jh. Hamhurg. Wiss. Avsf. 9 : S (sop.) (Fonialo 
described.) 

Pseudagrion puncturn Forster, 1906, Jahrh, Nassau. 59:338. Forsttn*, 1906, Jahrb. 
Mannheim 71-72 : 59. 

Pseudagricni puncium Ris, 1908, Jenaische Denlcschr. 13 : 315. 

Pseudagrion puncium Ris in Schmidt, 19.36, Abh. senkenberg. Naturf. Ges. 433 : 4, 8, 9, 
13 (key), 15 (key), 47. 

Material examined: 7 males and 3 females, Moka, 11.45, 9.X.4G, 
21-3J.xii.4G and 4.ii.47. (Examples from Madagascar have also been 
examined.) Only four are fully adult and these have tlie pale areas of the head, 
thorax and prothorax a bright brick-red on the dorsum, pale blue on the sides : 
all others are pale blue or a light greyish with blacjk markings. Behind tlie 
head is broadly pale except for some black in the occipital foramen area. The 
mid-dorsal blue spot on segment 2 is variable in size and oval or cordate in 
shape ; segments 8-10 are entirely blue in the male. The dorsal marking of 
segment 2 in the females is dagger-shaped with the hilt of the dagger at the 
apical end. The anal vein leaves th(j ])order of th(* wing well proximal to the 
level of Ac : postnodals number 12-13 in the fore-wings, 10-11 in the hind. 
The superior anal appendages differ from others in the genus by sloping strongly 
upwards and outwards, ending in a small crochet-like liook. 

IscJinura senegalemia (Rambur). (Fig. 1, d.) 

Agrion senegalensis Rambur, 1842, Ins. Nevrop . : 276. 

Agrion. senegalensis 8elys, 1869, Pollen and Van Dam, Madagasc. Ins. : 24. (Mada- 
gascar and Mauritius.) 

Agrion senegalensis Selys, 1850, liev. Odon . ; 186. 

Ischnura senegalensis Selys, 1876, Bull. Acad. Belg. (2) 41 : 273. 

Micronympha senegalensis Kirby, 1890, Cat. Odon . : 141. 

Ischnura senegalensis Fraser, 1933, Fauna Brit. Ind. (Odon.) 1 : 348. (Uedescription 
of both sexes.) (Ris cites some 68 references to this widely distributed species in his 
private catalogue.) 

Material examined : Mr. Vinson has not sent this species but has recently 
informed me that he has taken another species besides the n(^w Ischnura ninsoni 
described below. I think there can be little doubt that his second species is 
senegalensis which has been reported already from Mauritius by Selys. The 
figures given in this paper will serve to differentiate it from 7. vinsoni. 
Senegalemis is remarkable for its dominant character, for which its adaptaliility 
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to all altitudes from sea-level to over 7,0(K) ft, and to climates from the wettest 
to the most arid is the most probable reason : it is, in fact, a palaearctic species 
which has adapted itself to tropical conditions. It has been reported from 
localities as wide apart as Senegal and the Philippines. 


mm 


1.— </ and 6, Anal a))j)onda|ies of Ischnura rimoul sj>. n. st‘cii from the left side, 
and dorsum ; r. d and anal aj>])enda‘Tes viewed fro!ii the rear of IsrliHura riu^ioni 
sj).n., Lschvura smcgalennifi (Rambur) and ] schnura filom S(‘hmidt (Madagascar) ; 
/ and anal api)endages of Pseudagrion pmi'Ctum (Rfimbur), seen from the right 
side and dorsum ; h and /, markings of abdominal segments 8, 9 and 10 of Cop^n- 
argioennnis wsnhre (Selys), female; k and ^ the same of Coemigriocnmus 
rufipes (Rambur) ; m and u, ptmis of Coenargirxiumua insalart (Selys), lateral 
and dorsal views. 
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Ischnurs vinsoni sp. n. (Fig. 1, a, b and c.) 

Material examined : 2 adult males, one with the end segments of abdomen 
missing, 12.i.47 ; 1 subadult female, 12.xii.46, all from Moka, coll. J. Vinson. 

Male : Abdomen 23 mm. ; hind wing 15 min. 

Head : Labium straw-coloured ; labrum pale bluis broadly black at base ; anld^clyjxMiH 
bluish green as also bases of mandibles, genao and a transverse strip^i across the fixms ; 
pustelyjieus glossy black. Rest of dorsum of head black with moderately large, round, 
azure blue postooular spots. Beneath head greyish white save for the black occipital pit. 
Prothorax black on dorsum, blue laterally, this colour extending on to dorsum of anterior 
lobe and less so on the posterior ; the latter trilobate, the middle lobe projecting somewhat. 
Thorax black on dorsum marked by moderately broad pale blue antohurneral stripes 
which taper slightly above. Laterally pale blue with a short black line on tlie anterior 
suture and a more pronounced one on the posterior, which becomes lineate belo\\ and forks 
at the level of the spiracle ; pale blue on ventral surface. Legs pale creamy yellow, tlm 
femora on extensor surface and the tibiae on flexor black. Wings hyaline ; 1 1 postiWKlals 
in fore-wings, 9 in the hind ; pterostigma narrow and elongate, very acute at both ends, 
covering one coll, its proximal two- thirds black, the distal third a beautiful sky-bhu*. 
In the hind wing the pterostigma less acute at the ends and entirely black save for a flue 
golden yellow encircling line separating the fniming nervures from the central black coix*. 
Abdomen black on dorsum, bluish laterally on the basal segments but <‘hrome yellow 
thereafter ; segment 1 with a quadrate dorsal black spot extending from end t^o cml ; 
segment 2 steely blue black on dorsum, but this dark area constri(’t(^d subapically b(‘forc 
becoming confluent with an apicjal black ring ; segments 3 t-o 0 with nara^w basal rings 
of yellow interrupting the dorsal black ; segment 7 entirely black ; 8 and 9 entirely azure 
blue save for a narrow ventro-lateral black strijie ; segment 10 black, its apical bordt'r 
emarginate and presenting a short rounded tubercle on each side of th(' shortly rounded 
notch. Anal appendages black; superiors seen from above are conical and with a \f*ry 
robust spine or hook extending inwards and downwards from its nu^dial side : lat<‘rall\ 
the body of the appendage is subquadrate and with the hook projecting downw«irds and 
a little recurved anteriorly at its apex ; the inferior apjx^ndages cousid<‘rabl\ loiiut t, but 
not as long as segment 10, broadly conical as seen in protile, but narrowly spinc-like m 
dorsal view and curved strongly inwards in a forcipate manner. 

Female : Abdomen 24*5 inm. Hind wdng 16*5 mm. 

Simulating the male closely in markings but the ground coknir j>ale ochiacious ; the 
]>ale stripe on frons broader, the black of vertex extending only to le\<d of anhuin.u'. Tlu* 
lateral black stripes of thorax narrower ; legs yellow with a black line on the external sidtvs 
of femora and tibiae. Wings hyaline; 11 jxistnodals in fore-wings, 9 to 10 in the hind ; 
pterostigma olivaceous in all wings narrowly framed in black. Abdomen similar to th<' 
male but segment 2 glossy black, segment 8 with only its basal half to two thirds bliu*, 
the apex black, the black broader mid-dorsally than apioally ; segment 9 blue but with 
its base narrowdy ringed with black ; segment 10 apjiears to be entirely black as in tlu* 
male. Anal appendages black, shortly conical ; vulvar scales very robust, jwtlt*, (‘\t(*n(ling 
to end of abdomen. 

This new species which has a marked resemblance to scnegalcHfils is easily 
differentiated by the entirely different formation of its anal aj)])ciidag(\s. 
The hjpe and allotyjie will go to the British Museum. 

Coenagriocnemis gen. n. 

Medium sized with very slender and elongated abdomen. Wings with close venation 
made up mainly of quadrangular cells ; arculus situated opjiositc the distal antcnodal ; 
anal vein leaving the posterior border of wing proximal to the level of Ac at a distance 
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l ess than the length of Ac, which latter cross-vein lies nearer the distal than to the proximal 
antenodal ; postnodals in fore-wing numbering not more than 14 ; (;ostal side of (luadri- 
lateral in fore- wing only shghtly longer than the base, but about twice as long as the base 
ill the quadrilateral of hind wing ; labium with a wide cleft cxUmding for one- third of its 
length ; hind femora with two rows of 6 to 7 robust spines of ajiproximately equal length ; 



2.- (f and h. Anal ap|K‘ndag<‘8 of (Jonmrywntnnifi insuhirc (Stdys), doi’siil and 
right lateral views ; r, thoraeie markings of CovmujriocnemU (llarnbur) ; 

d, protliorax of the same species, left side ; c, mesostigmal lamina of the same ; 
/, labium com i non to l>oth Coenmgiovnemis inmlare and Coenagriocnemis rufipes ; 
g and //, anal apjxmdages ('mimgriocnenm rufipes (Rambnr), dorsum and right 
side ; u thoraeie markings of Coenargiocnemis in>sulore ; k, prothorax of the 
same species seen from the left side ; I, mesostigmal lamina of the same species. 
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segmout 10 with a short shallow notch at its apical margin flanked by a small tubercle 
on each side ; inferior anal appendages of male obsolete or very inconspicuous. 

Genotype. — Agrion nifipes Rambur. 

Coemgriocnends rufipes (Rambur). (Fig. 2, o, f/, c, g and ft, Fig. 3, a.) 

Agrkm rufipes Rambur, 1842, hits, Nevrop, : 256. 

Agrmi mmritmnum Selys, 1862, L. MailUirdf Annexe K, Nevrop, : 55. 

Agrion ? rufipes Selys, 1862, Id. : 35. 

Agriocnemis rufipes Selys, 1869, Pollen and Van Dam, Madagasc. Ins. : 24. (Mauritius.) 

Agrion ? muurilianum Selys, 1872, Rev, Zool. Guerin- Minevillc : 180. 

Agrion ? rufipes Selys, 1876, Bull. Acad. Belg. (2) 41 : 1290. (Syn. Agr, Imie Leg. (sep.) : 
180 .) 

Agriocnemis rufipes Kirby, 1890, Cat. Odon. : 159. 

Material examined: 12 males and G females, 10.xii.4G to li.i.47, cull. 
J. Vinson, all around Moka. 

Male : Abdomen 30-31 mm. Hind wing 18 mm. 

Head : Labium straw-coloured ; labrum bright or pale yellow or pale olivaceous in 
some with the basal three-fourths dark olivaceous ; bases of mandibles, gonae, ant<oclyi)ous 
and a narrow transverse stripe across the frons bright chrome or ochreous ; postcJyiKuis 
glossy black ; rest of head, including vertex, occiput and beneath black, the latter, m 
adults, thhily wliitish pruinose and the occiput bearing rather large azui’e blue cordati^ 
postocular spots. Prothorax blacik on dorsum, citron yellow low down on the sides Jind 
prolonged finely across the anterior lobe ; posterior lobe broadly rounded, with a sulcus 
throwing it into two ridges and with 3 bristles projecting from c^ach outer end. 'J'horax 
black on dorsum, this colour extending laterally to cover the anterior third of mesepimeron, 
marked by a fine greenish yellow incomplete humeral line and narrow complete greenish 
or bluish-green antehumeral strijjos which are continuous with the yellow on the sides 
of prothorax. Laterally bluish-green or greenish with a point of black on the first laUu'al 
suture and a ({omplete narrow black stripe on the second whi(5h ptisstis undm* the }X)ctus 
to become confluent with the stripe from the other side ; this stri]x^ and the black on tlu^ 
anterior part of mesepimeron thinly pruinose in adults giving a bluish ap|K5aran(;e to tlK'si* 
areas. Beneath yellow with two large black pyriform spots confluent medially in tlu^ greatiu* 
part of their length. Legs bright ochreous (not red as the name would imply, but mor<‘ 
of a tangerine orange in colour), with a black point at the outer and distal end of eai‘h 
femur, the first segment of the tarsi as well as the claws also black. Wings hyafine ; 
14 postiiodals in foi-e-wings, 1 1 -12 in the hind ; pterostigma diamond -shajx^d, rather more 
ac ute distally, covering slightly less than one cell, reddish ochreous with blackish centre 
and black framing neryures, of the same size and shape in all wings. Abdomen glossy 
black on dorsum, bluish on the sides of segments 1 and 2, and basal part of 3, the dorsal 
black on segment 2 shajx^d as a nairow thistle-head, that on segments 3 to 7 extending 
from end to end of segments, but the pale colour of sides passing up at the base of eacli 
segment to form small paired basal spots ; segments 8 to 10 entirely azure blue on dorsum, 
8 and 9 narrowly black ventro-laterally and 10 wdth a narrow black stripi^ at its middle 
height. Anal appendages black : superiors seen from above are broadly conical and nearly 
as long (iS segment 10, they are shallowly hollowed out on the imier asjKJct and thickly 
coated with stiff golden yellow hairs at the apex ; laterally they are sharply aiigulatcid 
due to a broad triangular plaque extending from the inner side downwards and inwards. 
InfiTior aj)})endages very inconspicuous, broad mammilated processes with a nipple-like 
apex just jjrojecting from the apical end of the segment. 

Female : Abdomen 28-30 mm. Hind wing 19 mm. 

Head, thorax and legs similar to the male, but the legs, in full adults, a duller ochreous 
and the (uids of femora and tibiae a little infuscated ; the a brum with the base darker ; 
wings with 13 to 14 postnodals ; pterostigma rather more elongate, olivaceous with black 
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centre and framing nervures. Abdomen variably coloured according to age and largely 
bright ochreouB from segment 1 to 5 in the subadult with black markings beginning to 
appear on the dorsum as narrow subapical rings. Adults with broad dorsal markings 
from segment 1 to 7, bright ochreous laterally, segments S to 10 blue, S with its basal 
two-thirds black, 9 with about its basal half black but tlie sides blue, whilst 10 has tlu* 
vontro-lateral border and apex of dorsum blue. Anal appendages very shortly conical ; 
vulvar scales robust, just overlapping the end of abdomen, pale. (In some subadull 
females, the dorsal black of abdomen on the first five segments (jonsists of narrow a])ical 
rings and narrow mid-dorsal stripes which dilate subapically and are again (U 3 n 8 trici<Hl 
before joining the apit^al rings). There is no ventral spine beneath segment 8, but t<hc 
general facies of this 8])ec,ies suggests an origin from an Ischnurine ancestor. 


Coenargiocnemis gen. n. 

Comparatively large and robust. Wings with very close venation made ii]) 
mainly of quadrangular cells ; arculus situated opposite the distal aiitenodal ; anal vein 
in fore- wing leaving the posterior border of wing proximal to the level of Ar, at a distance 
greater ihav the length oi Ar and at a point much nearer the proximal anteiiodal than thf' 
distal one ; Ac situated at a point midway between the two antenodals ; postnodals in 
fore wing numbering from 18 to 19; costal side of quadrilateral in fore uing generally 
r)f t,hf‘ same length as the base ; in the hind wing variably twice the length nr only half as 
long again (both in the fore and hind wings, these cells are remarkably variable, thus in 
th(‘ two hind wings of one specimen, th(‘ costal side of the cell is half as long again in th(‘ 
right wing and about three times as long in the left. Similar al)erration8 are found in 
other speeim('na). Labium with a wide cleft extending for one-third of its length ; hind 
ftunora with about S robust H])in<‘s whieh gradually l(*ngthen from baw^ to distal end ; a 
second inner rov' of about 12 short robust spines of equal length throughout ; segment 10 
with v<u'y short, very dee]> notch which is flanked by prominent rounded tuberch*s. Anal 
inferior appendages broadly conical and projo<;ting horizontally conspicuouslv and nearly 
as long as the superiors. 

({enotype : Agrimi hmthre Selys. 

Coenargiocurmis wsnlare (Rolys). (Fig. 2, a, 6, /, ?, l\ and 1 : Fig. 3, h), 

Agriiin nisutarr Selys. 1S09, /W/e?/ and Van Dam, }fa<la(ia'ir. /ax. :24-. (Mauritius, 
llouriion.) 

Agrian ? insulare Selys, 1872, Iter, Mag, Zool. : 179. 

Agrinn ? inmtare Selys, 1870, Hull. Acad, Ihtg, (2) 41 : 12SS. (Kcninion, Mauritius) 
{Syn, Agr, rmie Leg, (sep.) : 178). 

(U)enagriau insulare Kirby, 1890, (Uil, Odtm, : 150. 

Agrinn rmsaJare / Lalvert, 1895, Pro(\ U,S, nai. Mm, 18 : 142. (A male with end of 
abdomen abs<mt, Seyidielles.) 

Material examined; I pair, G.B., i0.xi.45; I female, (’urej)ipe, 3.i.4.‘> : 
1 pair, I0.xii.4r>; 2 males, r2.xii.4G; 1 male, 0.xii.40; all eoll. J. Vinson, 
in the Moka District. I pair, Reduit, Mauritius, 4.ii.47, coll. Ray Ramet. 

Male : Abdomen 30-37 min. Hind wing 24- 25 ram. 

H(^ad : Labium straw-coloured ; labrum and j)ostelyptMis glossy black, the former 
narrowly bordered with pale yellow anteriorly ; bases of mandibles, genae, antecly^XMis 
and a narrow strijie acToss frons interrupted medially, all citron yellow ; vertex and occiput 
black, the latter with rather small azure-blue rounded postocular spots ; antennae black 
ringed with reddish brovii ; beneath head black. Prothorax broadly steely black on 
dorsum and upper part of sides ; a transverse line on tin* anterior lobe and a small s}>ot 
at each ouUu* (Uid of th(‘ posterior jobe, as well as the 1ow<t part of sides bluish. Thorax 
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steely or bronzed black on dorsum to as far lateral as the anterior half of mesepimeron 
marked by interrupted antehumeral stripes which are very broad below but rapidly taper 
away until lost at about halfway up the dorsum ; in all but full adults, there is an upper 
humeral spot of blue representing the upper end of the antehumeral stripe. Laterally 
bluish above adjacent to the black but then passing to bluish gi'een and finally pale yellow 
below and beneath. An oblique black line starting from the first suture and running 
back to mf^t or nearly meet a broad cotriplete black strij)o on the postero-lateral suture, 
lleneatli, two largo black pyrifonn spots broadly confluent in nearly all their length, but 
entirely concealed beneath dense pruinesoence. Legs rather ah(»rt and robust, black save 



Fin. 3. — ^Wings of [a) CoerM griocnemu rnfipe^ ( Ham bur) ; {h) (\mmnjiocnpwis 

hisukirt (f^lys). 


the flexor surface of all femora which are pale yellow overlaid with whiter pruinesoence. 
Wings hyaline ; pterostigma narrow and elongate, very acute at both ends, bright golden 
brown with slightly darker centre and black surrounding nervures, covering from 1 to 
2 cells ; 18-19 postnodals in fore-wings, Ifi- 17 in the hind. Abdomen black dorsaUy from 
segment 1 to 7, segments 8 to 10 entirely azure blue. Segment 1 bnmdly blue on the 
sides, segment 2 with a broad oval lateral blue siK)t constricting the dorsal blacjk on each 
side, and a jiair of Vdue apical lunules ; segments 3 to fi with small basal paired spots of 
blue, rather larger and elongate on 3, but becoming almost obsolete on the following 
st^gments ; the lower jiarts of the sides of all segments from 2 to 7 bright chrome yellow. 
Anal appemdages black ; sujxuiors seen from above broad divaricate coni(!al processes 
with a very large iind robust })rocess showing partially on the inner side ; this pioi^ess. 
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Been in profile, is strongly curved downwards and inwards, giving a hasp-like shape to the 
whole appendage. Inferior appendages broad conical processes slightly bifid at apex 
orojecting straight posteriorly and about two-thirds the length of superiors. 

Female : Abdomen 37 mm. Hind wing 28 mm. 

Exactly similar to the male in colour and markings save for segments 8 and 9, the 
former black with a broad pale blue stripe covering its apical half or slightly less, the latter 
with rather more than its apical half blue but subject to some variation ; segment 10 with 
its sides black, dorsum blue. Vulvar scales black, extending to end of abdomen, very 
robust. Wings hyaline, pterostigma olivaceous ; 18 postnodals in fore wings, 16 in the 
hind. 

It will be seen from the definitions of the genera Coenagriocnemis and 
Coenargiocneims and the descriptions of the two species, rufipes and imulare, 
that many points of contact exist between them ; indeed the significance of 
some of these is so great that 1 have hesitated before placing the two species 
in different genera. However, even if they be not congeneric, the evidence 
is overwhelmingly in support of their having taken origin from a common 
ancestor and that we see in these two species the genesis of a number of insular 
forms comparable with the Megalagrions of Hawaii, the Ischnuras of Samoa 
or the Platystictas of (Vylon. 

Rufipes and instilare agree in the widely cleft labium, the rather similar 
shape of the posterior lobe of the prothorax, the general shape of the superior 
anal appendages, the presence of apical tubercles on segment 1(^ the ])resence 
of postocular coloured spots, the absence of a ventral spine to segment 8 and 
the quadrangular nature of the, venation of the wings. A minor but, I think, 
significant character shared by the two species is the presence of two unusual 
black confluent pyriform spots on the pectus of the thorax. 

The most important points of disagreement are the slim and brightly 
coloured legs of rujipes, contrasted with the rather short, robust black legs, 
with different armature, of insnlare ; the shorter petiolation of the wings in 
iyisulare and the greater development of the apical tubercles on segment 10 
in the same species. The great disparity in size is not in itself very important, 
as great variation in this res})ect is also found in the Megalagrions. 


PlaiycHetnia tmuriciana Selys. 

Platynmnis movriciann Selys, 1HC>2, Amiexe K. Snrop, : 35, in Maillard. (Notes sur 
L'lle de la Hhmiov ct Hourbon), Pans. 

Plntyniewhs viaunctana Selys, 1S69, PolUn and Van Dam^ Madagasc. : 10 (as 
latijKs vnr.) 

Platycnemis imiuriciana Selys, 1S63, Bull. Acad. Belg. (2) 16 : 167. Selys, 1886, Mmi. 
Cour. Boc. cut. Belg. 38 : 223. 


The type, an incomplete male, is the only specimen known and was in the 
Serville collection, indicated from Mauritius, a locality wdiich Selys queried. 
In view of the fact that several species aie known from Madagascar, it is 
exceedingly probable that the specimen w^as labelled correctly in this case, in 
spite of the unreliability of the Serville data. The short description is closely 
similar to that of P. hwn ^lartin from Madagascar, and if not that species, 
it is certainly closely relatetl to it. 
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Addenda 

Since the above was written, Mr. Joseph Vinson has sent nae much more 
material which includes the second species of Ischnura, of which he had made 
mention ; this proves to be L senegalensis (Eambur), as I had surmised. There 
are 7 males, 1 heteromorphic and 4 andromorphic females, two of the latter 
being still in cop. with the males and thus ajffording the best of proofs that they 
are related. The male diifers somewhat from type by the antehumeral stripes 
either very finely delineated, partially interrupted or absent altogether. Both 
sexes have only from 8 to 9 postnodal cross- veins in the fore-wings as compared 
to 11 or 12 in vinsoni, this fact offering an easy method for differentiation of 
the two species. Over 40 males and 24 females of vinsoni have been sent and 
it is now seen that, in the female, segments 8 to 10 are entirely black dorsally. 
The blue markings noted in the original description are apparently artifects. 
The ground-colour of the head and thorax for the females is a rich orange, 
becoming infuscated in the very old specimens. 

Of the remaining species, 4 pairs of P. punctum (Eambur), 4 pairs of C. 
insulare (Selys) and 7 males and 4 females of C. rufipcs (Eambur) are contained 
in the new material and offer no fresh information. 
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OBSERVATIONS ON LARVAE OF EPHESTIA ELUTELLA HUBNER 
(LEP. PHYCITIDAB) DURINO DIAPAUSE. 

By N. Walopf, Ph.D., F.R.E.S. 

(J)epartmnii of Zonioyif tntd Apphfd Hiv-l(nii.oU^fp, hn,pprial (UtUt^qe^ Lomion.) 

(With Onk Text-figure.) 

ManuM(;ript fwieivocl I7th Apiil 1948. 

Road Ist Docomber, 1948. 


]. 1nTR<)I)U(TTON. 

There is cm* main t^eneratiun of Eph^slia elufdla in this country. The 
maximum flight of moths is at the end of June and in the lirst half of July. 
This is followed hy a very small second gemu'ation, which numerically is only 
one-sixtieth to one-seventieth of the first and partly overlaps it. Reed and 
Liviugstom* (11K)7) re(‘-ord three generations in Richmond, Virginia, and Ustinov 
sp(‘aks of three ])ossil)le generations in Ahkhasia. In this country the 
fully fed larviU' wan(h*r for a fi'w days and then spin up in cracks and crevices. 
The period of qui<*sc.(‘nc(‘ lasts 8 9 months and then th(‘ larvae begin to pupate 
in April or IVlay of the following year. 

1^. Dissections of the Diapausin^j Larvae. 

The diapausing larvae are not completely inactive, hut metabolize slowly 
and produce excn^tions throughout the period of cpiit'scence. The faeces are 
eliminated in the wanihu’ing p(*riod of the fully grown larvae or at the time i J 
spinning of th(' cah’cou, hut excretions from the Mal})ighian tubes are produced 
at the time* of s})inning, at irregular intervals throughout the period of diapause 
and finally, in larger (juantities, before pupation. At first these excretions 
are bright orange and stmii-fluid, but on drying thi^y become brown and crystal- 
line. /irseno-tungstic acid test shows that they contain uric*, acid. 

Samples, each of 50 lai vae, from outdoor temperatures were dissected in 
November, 1944, and in January, February, Ajiril and May, 1945 (Table I). 
At no stage in diapause was the gut tuupty in all the dissected larvae and, in a 
few of them, it was completely full of (*xcretions. It was noted that, generally, 
th<^ pinkish colour of the Malpighian tubes was an indication of the small 
crystalline granules in their lumina. In April, the tubes appeared white and 
opaque. This opacity was (paused by small white particles in the fluid contents 
of the tubes and coincided in time with the “ broken-up ” or exhausted appear- 
ance of the fat body in many of the larvae. The fat body was somewhat 
TRANS. H. ENT. SOC. LONi). 100. PART 5. (.lUNE 1949.) 0 
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arbitrarily classified as largo, raediura or small. By April it was definitely 
smaller in many of the larvae. 


Table I . — Dissections of Samples of 50 Diapausing Larvae kept at Outdoor 

Temperatures. 


Oiite. 


(Jut. 

Fat body. 

Malpighian 

tubes. 


Km pty. 

FuU. 



29.ix.44 

! 

2U 

1 1 13 r, 

7 large, 3 small 
(other s not noted) 

11 pink 

39 trans- 
parent 

]2.i.4r) 

.33 

4 3 .3 7 

17 large j' ^ 

14 medium-,' , ^ , 

19 small 

3 pink 

47 trans- 
parent 

I().ii.4r) 

35 

9 3 3 

8 large | 

19 medium , , , 

23 small | <^^haustK-d , 

20 pink 

30 trans- 
parent 

ir..iv.45 

1 

24 

I 

1 

1 

18 4 2* 

« large j 

30 small h^l^^usted 

0 pink 

24 opaque 
26 trans- 
parent 

1 

1 

V . 45 

1 

1 

i 

1 

! 

30 

i 

K) - - 4 

14 largo j 

1(> medium , , , 

20 small | ' 

18 pink 

2 opaque 
30 trans- 
parent 


* Only 48 recorded. 


3. The Water Content, Fat Content and the Loss of Weight in the 

Diapausing Laiwae. 

In 1943-44 the water content and the average weights of the diapausing 
larvae were determined. More frequent determinations were made in 1944- 
45, when the total fat was also extracted in ether in a Sohxlet. The water 
content was determined by heating samples of 25 larvae at for 3 hours. 

The results of these determinations arc set out in Tables II and III, where it 
can l)e seen that the water conkmt first falls in the diapausing larvae and is 
then retained at a fairly constant level in spite of the progressive loss of weight. 
It again rises slightly at thu termination of this period. 
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Table II . — The Average WeighU and Water Conteyits of Larvae Diapausing in 

Unheated Conditions. 

1943-44. 


]^ate of collection. 

Number of larvae. 

Avorago weiglit. 

Per eont. water 
content 



mg. 

(wot weight). 

lG.ix.4l3 

J5U wandcritiff 

17-0 

— 

29.ix.43 

202 

JG-l 

— 

7.X.43 

19G 

15-5 

— 

15.ii.44 

4G5 spun up 

12*9 

59-1 

15.iii.44 

400 „ 

13-8 

.58-7 

14.iv.44 

250 „ 

10-8 

.57-5 

11.V.44 

250 ,, 

10-9 

GO -5 

2G*v.44 

134 „ 

10-7 

GO-0 

G.vi.44 

42 „ 

9*9 

GO -2 

15.vi.44 

IG „ 

lOd) 

02 -0 


1944-45. 



D.'itp <»f (•((llcct.ion. 

Number of larvae. 

A\ erage weight 

Per c(Mit . watf'r 
content 




(wet weight). 

1. ix.44 

213 wandorinii 

14-9 

03-9 

29. ix.44 

200 

Il-G 

01 -I 

1 .3 . X . 44 

.500 spun up 

11-3 

G2-5 

3.xi.44 

175 

9-7 

59-5 

.S.xii.44 

225 „ 

10-3 

59-9 

5.iii.45 

3(M) 

JO-l 

59-8 

ll.iv.45 

.'500 

9-4 

01 -3 

22.V.45 

175 „ 

8 -.5 

01 -0 

:{l.v.45 

80 „ 

9-1 

02-0 

Table \\\.- Total Fat (U>htent Expressed as Pereentage of Dnj Weight. 

Date. 

\i.lll4l. Ml. 44 I. 

ir>. Ill . L”) 

IV. I."). X'.l" 

Number of sets of 300 




larvae 

3 1 : 

5 1 

2 1 

Total fat content (per 




cent, of dry weight) 

47-5 .50 -I 41 

•3 4.5-1 

43-4 40-8 


At the beginning of diapauses the lighter larvae have a highei* water content 
than do the heavier ones. Thus, on the 1 .ix.44 the 2(K) selected small larvae 
of 9* 1 mg. avt'rage weight had db-f) per cent, water content, whereas 213 heavier 
larvae of 1 1*9 mg. average weight had ()3'9 per cent, water of live weight. As 
the originally heavier larvae ten<l to survive the winter and the lighter ones 
die out (Richards and AValoif, HMd), the fall m the water content of the dia- 
pausing larvae may be, at least partly, duo to tin* differential mortality, i.e. 
to the elimination of the originally lighter s<M*tions of the j)opulation. 

The loss in weight of the diapausing larvae is both continuous and con- 
siderable. Some of it may be accounted by the direct evaporation from the 
body, as was seen on keeping weighed larvae at 90 ])er cent. K.H. and at 40 
per cent. K.H. at room temperature (Table IV). However, there is little 
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doubt that most of it is the result of slow metabolic changes indicated by the 
decrease of the total fat content of the larvae from 47-5 per cent, of dry weight 
in November to 40*8 per cent, in May, by the general broken-up appearance 
of the fat body (which is also a store of protein, Wigglesworth, 1939) by April 
and by the slow, continuous elimination of nitrogenous waste in watery solution 
through the Malpighian tubes. The total loss of weight is considerable and 
in 1943 44 it was from 16*4- 17*0 mg. in September to 10-8 mg. in April. The 
corresponding loss in 1944 -45 was from 14*9 to 9*4 mg. Table V shows the 
progressive loss in weight of individual larvae kept in an unheated outhouse 
in a desiccator with KOH at 70 per cent R.H. 


Table IV. — Diapausinq Ijarrae Transferred to 40 per cent, R.lf, and 90 per cent. 
R,IL at Room Temperature and Wetqhed WeeVlq^ 29. i 2f).ii.45. {Pupated 
withn 5-7 weel's,) 


Number 

Ralaf i\ 


Average 

weight (mg.). 

of lar\ae. 

luimulit \ . 

iHi. 

2iitj. 

SrH. 

4tli we(‘k. 

29 

40% 

11*39 

1 1 *08 

10-12 

9 -4:1 



JjOSs 

*31 

J-27 

1-90 ( - 17-2%) 

27 


11*43 

10*9 

10-59 

9-79 



Loss 

*53 


1.(14 (- 14-4%) 


Table V. -Loss in Weiqht of Larvae Kept in an IJnheated Oathonse, at 70 per 
(ent. R,H,, Weiqhed Indevtdnatly, 


Number 

of 


1!>44. 




104.-.. 


larvae. 

X. 

\i. 

XII. 

I. 

ii. 

III. 

U . \ . 

16 Average wt. mg. 

12*9 

n-4 

11-1 

10-4 

10-1 

9-8 

8*4 8*0 

of original wt. 

100 

HH-4 

8«-0 

80 -0 

78 -.-I 

75-9 

05* 1 02*0 


30 Average wt. mg. 13*3 8*2 

% of original wt. 100 - 01-7 


4. The Relationship 15et\veen the Okhhnai. Lakval Wehihts and the 
Lenoth op the Period of Qittesitini’e. 

It was found that the heavier larvae have a longer j)erio(l of quiescen(*e than 
the lighter ones, irrespective of whether they are ke])t at outdoor temperatures 
or are transferred to 25’ C., 70 per cent. R.H. This data is summarized in 
Table VI and in Richards and Waloff (1946). 

As diapause is not immediately broken when the early diapausing larvae 
are placed at the temperature of 25° (\, 70 per cent. K.H., it would seem that 
a certain loss in weight, accompanied liy elimination of waste produiits is 
necessary before the critical stage is reac.hed. It may be noted that roughly 
35 per cent, loss of the original weight occurs before the onset of pupation. 

It was also found that the majority of larvae weighing leas than 8 mg. 
die out throughout the winter period (Richards and Walofl‘, 1940), and the 
lower weight loss of 27*9 per cent, of the lighter larvae, may be associated with 
this critical stage. 
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Table VI. -—Pupation Rales of Larvae Quiescent at Outdoor Temperatures and 
Subjected to 26° C., 70 per cent. RM., at Different Times of the Year. 


Avoraso wt (in mu.) 


Date* placc'd 
ttt C., 

Nunibci 

Nunibor 

Per rout. 

l*ei cent. 

Number of days at 25” C. 

oi larval' 

pupatlDK 

ot 

ot 

ot mortality 

Ill 

bet ore piiiiatioii. 

on 

70% B.H. 

lai vue. 

pupae. 

at 25* C. 

diapaiiHo. 

itan£;e. 

\verd^e. 

tst 10 20 
days. 

l..a.st 10 
da\H 

ll).ix.45 

93 

55 

38-7 

52-7 

29 299 

110 

9-2 

15*0 

18.x. 45 

94 

48 

47-9 

52-8 

29 2()9 

100 

7-9 

11-5 

1 . xi . 45 

93 

71 

24-5 

33-8 

29 249 

73 

9-4 

13*5 

15.xi.45 

93 

73 

21-5 

39-1 

29 239 

()2 

7-2 

11*0 

4 . xii . 45 

93 

74 

20 -4 

2(»-3 

19 189 

30 

8-9 

9*5 

15.xii.45 

H4 

05 

2(;-4 

15-4 

29 79 

30 

7-3 

12*5 

3.i.4()' 

' 98 

54 

44-9 

1-8 

19-59 

20 

()-8 

12*5 

10. i. 4(1 

93 

84 

9-7 

3-() 

19-99 

23> 

8-5 

13*0 

2.ii.40 

95 

81 

14-7 

<1 

19 49 

10 

9-7 

11*0 

10.ii.40 

97 

83 

14-4 

0 

19 49 

15 

7-1 

9*0 


6. The Hfkect of iSuHJKc'iixci Lvuvak yujKscKNi ai Outdoou Temfekv- 
'l OUES T(» 25' 70 J»EH ( ENT. K.ll. 

On examininj; Tul»l(‘ VI it will b(‘ sc(‘n that the period preeeding pu))ation 
at 25 70 per (;ent. li.H., hs more extendcnl m the larvae pla(*e(l at thrs tern- 

[xnatun* at tlieir wandering p(‘riod (I0.ix.45) and in the v\'eeks inmK'diately 
following it, than in those* pla(*ed at hi^li t(*inperatiire in early January and in 
the subsecpient W(*eks. Larvae* placed at 25 0., 70 per cent. R.H., in e*arlv 
and in the* middle* of Febrnarv all pupate*d within 40 days (10 and 15 dav'- on 
the* averajj;e‘). This pe*ri(Kl of 40 days was, somewhat arbitrarily, chosen to 
dedimit the* non-eliapausm^ from the diapausin^^ larvae. Jt is clear that by 
January the larvae at outdoor te!nj>e*ratuie*s {\riven in Table VJll) reach a 
(*e*rtaiTi physiological state m which pujiation is delayed not by the orij^mal 
diapause inducing factors, but by the* low outdoor temperatures which delay 
imme*diate* [)U))ation. The daUi siiniinaiizeMl in Table Vll show that the 

Table Vll. Per cent. Weight h^ss oj Quasient iMtrae Kept at Outdoor 
Tetnperatures fietween Oetober and iMag. 


Niimbor ol 


lb foiO pup<l- 


(|1ll08C0Ut 

Vvoram’ 

t iOll. 

l’«’i t'onl . lus 

lar\ iw. 

in^. Ill Octohor. 

.\pril May. 

ol . 

1 

Ill 

8*0 

27-9 

10 

12-9 

8-0 

38-9 

30 

13-3 

8*2 

38-2 

9 

15-9 

9*7 

37-8 

i(» 

15-9 

11*2 

33-7 


7 lS-5 12-5 :12-<S 

8 20-4 1:M 55-8 

5 24*5 10 *5 55*5 

weight loss before pupation is not a constant, but bears relation to the original 
weight, i.e. roughly there is some 35 per cent, loss of live weight. It has 
already been suggested that this loss is mainly due to the continuous excretion 
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throughout quiescence. The process of the release of the pupation hormone in 
E. eluMa (Waloflf, 1948) does not appear to differ from that in E, hixhniella, 
described by Kiihn and Piepho (1931)). The timing of this can be correlated 
with the loosening of the hypodermis and the withdrawal of the ocellar pigment. 
It may be suggested that in E, eluiella the produ(*tion of the hormone is delayed 
until a c(irtain weight loss, accompanied by excretion has occurred. 


Tablk VIII . — Average Ternperatnres at which the Larvae were hept before Treat- 
meat Outlined in Tables VI and IX, 


Date. 

.kvHjrage temperature. 

Maxiiiiiitu. 

Miiiimuin. 

19-30. ix. 45 

1:5-2'^ V. 

14-5" ('. 

7-0’ e. 

1- 28.x. 45 

15-9 ' ('. 

12-()'' (’. 

5 •8" ('. 

29.x -11 .xi.45 

10- :V’ ('. 

12- (re. 

5-4 ' (1. 

12 25. xi.45 

9-8^’ C. 

ii-i" (’. 

5-<l" V. 

26. xi 9.xii.45 


10-0" C: 

1.1’ e. 

10 21.xii.45 

5-8'' e. 

iO-9' ('. 

2.2'-' ('. 

22.xii.45 4.i.46 

4-4" 0. 

8-9 ' 


5 20. i. 46 

.‘{•5° C. 

1 ()•(•.' ('. 

-i-rc. 

21 .i 3.ii. 16 

5 

14- 1“ C. 

()"('. 

4-17.ii.4(i 

8-9^ ('. 

19-4' ('. 

;■)•(■. V. 


There is no evidence as yet from this work that a tliapause- inducing hor- 
mone is also produced, but should such a substance (‘xist, it would siigg<*st. a 
])ossible explanation for the prolonged dia])ause of the larvae subjected 
25° C. in the early weeks of f|uiescen(*-e : namely, that t!ie high tenifxu’atun', 
which increases th(‘ general metabolic, rate, may also incn^asi' the output of 
the diapause-inducing fa(itor at the critical time of its ])roduction. 

The possible relationship between tlie original weights, the length of dia- 
pause, and the time of pujiation, and the effect of ris(* of ttmiperatiiri* c.an Ik* 
summarized in the following diagram (s(*e tig. 1 ) : 

Jn fig. 1 a>b >c and a, b, c, are the original weights of I Ik* diapaiising 
larvae, a', I/, c', a“, b”, c/*, are the maximum and the minimum weights at 
which pupation occurs. Evidence that a' W 'c' is s(*t out in Tabh* \'1I. 
The period in which high temjHTatun* is not etfectivi^ in initiating pupation 
is longer in heavy than in light larvae, i.e. X' ' \V as this is true of larvae 
placed at 25° (k at the lieginning of dia])ause {see Tabh*, \d, and Richards and 
Waloff, 194()). After a certain critical stage is r(*aehe,d, high tem]>erature 
initiates putjation, and the period preceding it. a, gain bears relation to the 
larval weight. 

5. The Effect of Kcbjfctinc Diacacsim; JjAHVAe jo —2 (\, 

55 PEK CEJSTT. R.ll. 

The data in Table IX summarizes the rates of puf>ation, and the pi'icentages 
of diapausing larvae in the three sets phuied at 25° (\, 70 per (;ent. R.H. 

(^) Are groups each of 100 wild larvae, k(*pt in an unheated outhouse and 
then weighed and transferred to 25^ (k, 70 per (;ent. Ji.lL, at different times 
of the year. These are the larvae which have been disc.uswsed in Section 5. 
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(b) Are groups of 50 larvae, kept in an unheated outhous(j, subjected to 
— 2° 0., 55 per cent. K.H., for periods of about a fortnight (12 19 days) at 
different times of the year, then weighed and placed at 25^^ C., 70 jxu* cent. 

K.H. 



Tic. 1. to illiistr.ih* tlic ivlalioiishi]i Ik twiM ii weight and ilu‘ h iii.dii ol 

diapause in tJ. larvat'. 


(r) Are groups of 50 larvai* all suiijee^ted to — 2 (\, 55 per cent. 11.11., on 
the same date (23.x.h5) and th<*n nmoved from it at diffenait intervals ol 
time, i.e. after 7, 21 , 40, 51 , (>7, 82 days. The survivors were w eighed and placed 
at 25^ C., 70 per cent. R.H. 

The average temperatures exjierienced by the larvae befort* tliey were placed 
at 25° C. or — 2° C. are given in Table VI 11. 
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Table IX. — The Effect on the Rate of Pupation of Suffecting Diapaming Larvae to 

—T G.y 56 per csnL RM. 


Date placed at 

26“ C., 70% B.H. 

Number of 
Days at - 2“C., 
55% R,H., 
before this date. 

Per cent, 
survival at 
— 2“ C. 

Average 
weight on 
date at 25“ C. 
(mg.) 

Number of 
pupae. 

Per cent, 
imperfect 
pupae. 

Average period 
to pupation at 
26® 0., in days. 

Per cent, 
in 

diapause. 

a. 

L 

l.xi.45 

0 

— 

9-9 

71 

8-2 

72-8 

33-8 

0. 

c. 

l.xi.46 

7 

100 

8-6 • 

28 

32-1 

68-7 

42-7 

a. 

15,xi.45 

0 

— 

91 

73 

8*1 

61-5 

30-1 

6. 

14.xi.45 

14 

88 

. 8-6 

29 

24-1 

57-1 

34-6 

c. 

14.xi.45 

21 

1(K) 

8-9 

39 

30-8 

74-5 

48-5 

a. 

4.xii.45 

0 

— 

8-9 

74 

7-7 

35-9 

20-3 

6. 

4.xii.45 

19 

90 

8-2 

29 

24-] 

29-9 

10-3 

c. 

4.xii.45 

40 

100 

9-7 

25 

32-0 

50-0 

31-2 

a. 

15.xii.45 

0 


8-4 

65 

7-4 

29-8 

15-4 

b. 

15.xii.45 

12 

1(K» 

8-7 

41 

9-8 

25 

9-8 

c. 

15.xii.45 

51 

0 

— 

— 

— 

— 

— 

a. 

3.i.46 

0 

— 

8-1 

54 

14-3 

19-5 

1-8 

6 . 

31.xii.45 

16 

100 

7-8 

46 

8-7 

24-2 

2-2 

c. 

31.xii.45 

67 

0 

— 

— 

-- 


— 

a. 

16.i.46 

0 

— 

8-1 

84 

3-2 

22-8 

3-6 

b. 

15.i.46 

15 

100 

6-6 

36 

21-2 

29 

13-9 

c. 

15.i.46 

82 

0 

• - 

— 

. — 

... 

— 

a. 

]6.ii.46 

0 

— 

7-5 

83 

8-4 

15-0 

0 

6 . 

16.ii.46 

15 

KMI 

7-6 

19 

31-6 

17-6 

0 


The sigiiilicance of the data .snnimamed in Tal)le IX is by no unmans clear, 
as it is difficult to separate the time (‘ffect from the direei effect of low tenifiera- 
ture and of variations in temperature. Tin*, following points, however, emerge 
from these results : 

(1) Prolonged continuous exposure to — 2'' C., 55 per cent. R.H., kills all 
, the larvae. Whereas th(‘y all survived this temperature for 4d days, they were 

all killed after 51 days and over. This lethal effect of low temperature became 
apparent after continuous exposures for 21 and 40 days, as tht^ subsequent 
period preceding [)iipatioii at 25'^' (J. was protracted and thi‘. percentage of 
larvae which entered diapause exc^eeded that of th(‘ larvae which had not 
experienced this low tempcratim*-. 

(2) Exposure to — 2® C. for a period of about a fortnight in the second half 
of November, and in early December, appears to have a slight accelerating 
effect on the subsequent rate of pupation at 25'^ i ^ After these dates, similar 
exposures to -- 2" have a slight delaying action. After Deccmiber only a 
very low proportion of the. larvae will diapause, when they are placed at 25” ( !. 
directly from outdoor temperatures. It may be suggested that the diapaus(5- 
inducing factors are eliminated throughout December and that the variations 
of temperature (i.e. transferring larvae from outdoor temperatures to 2° (J. 
and then to 25' C.), at this critical period, affect the rate of disappearance of 
these factors. 
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(3) tiXposing larvae to — 2^ (J. for periods of a fortnight after December 
have a slight delaying action on the rate of pupation. 

(4) There was a considerably higher proportion of imperfect pupations 
amongst the larvae which had been expensed to — 2" C. than amongst thc^se 
placed at 25^^ C. directly from outdoor temperatures. In all cases of imperfect 
pupation the pupal skin was formed under the larval one, but the larvae failed 
to moult. It would seem as if exposures t <3 this low temperature upsets the 
balance of the rates of processes preceding pupation. 

7. A BivoLTiNK Strain of £. elutella. 

There ar(‘. two generations a year of E. cluLella in this country. In otlier 
countries there may be more. Reed and Livingstone (1937) record three 
generations on tobacco at Richmond, Virginia, and Ustinov (1932) s])eaks of 
three possible generations in Abkhasia. Tlu^ occurrence of a possible bivoltine 
stock has alreiidy been discussed (Richards and Waloff, 194(5). 

It was seen that the second generation of moths were derivcMl almost entirely 
from eggs laid at the beginning of emergence by early moths. Also, the earlier 
(jolh^cted larvae j)roduct*d earlier moths in the following year. These diiferences 
I nay be genetic., but as early larvae are known to be heavier and the weight of 
fully led larvae is related to diapauses the effects of crowding and nutritional 
factjrs may also be involved. 

It appears that, whereas nearly all th(‘- larva(‘ hav(‘. a diapausci, then^ ar(‘. a 
few non-diapausing larvae which produce the second generation of moths 
developing from the (*ggs laid by the earliest emerging moths of the tirst gene- 
ration. Such moths may belong to a genetic, stock, part of the offspring of 
which form th(‘ s(‘(;ond generation <?ach year. In this connection it is interest- 
ing to note t.hat during the population study of this species (Richards and 
Waloff, 194(5) then' was a small distinct early emergence of moths, which died 
out before' the l>rginning of the main general emergence in two siKU'essivc years 
--1944 and 1945. 


iS. A MiUiTivoLTiNK Strain of E. ebifdla. 

A non-diapausing stock, with successive generations, bred on middlings or 
on Manitoba wheat at 24 2ry (\, 70 ])er cent. R.H.. has been isolated by 
Mr. K. B. Ba.sden in the Slough insectaries. 

This stock readily re-enters diapause when the conditions of temperature 
and nutrition are altered. Table X shows the effect of temperature on this 
stock. 

The results set out are sonu'what anomalous, as 59 out of (>4 larvae, i.e. 92*1 
])er cent., entered diapause at 2U (\ and 19 out of 44, i.e. 43-2 per cent, at 
IT" Nevertheless, they show that the lowering of temperature by only 
3 ' (\ is effective in upsetting the balance in the multivoltine stock. 

The effect of rearing larvae on different foods also liecame obvious. It- was 
possible to subdivide the natural foods into throe grou])s : (u) Those on whicjli 
no larvae diapaused at 25"’ V. 70 per cent R.H. ; (h) those on which a low per- 
centage of larvae diapaused at 25° 0., 70 per cent. R. H, : and (c) those on 
which all or a high percentage of larvae diapaused at 25 ' 70 per cent. R.H. 

The last group was characterised by a high starch content (Waloff, 1948). 
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Table X . — Development o/E. clutella larvae on Manitoba Wheat No. 1. 


Average length of larval life (days). 




Ucr cent. 

Before 


Total days. 

Tcinporaturo. 

Survival. 

in (iia- 
paiiBc. 

Kpmning 

up. 

Spun up. 

Non-dia- 

pausing 

larvae. 

— ^ 

Diapauning 

larvae. 

25" C., 

70% R.H. 

05/75= 

86-6% 

6 



35-9 

(limits 

29-50) 


2rC!., 

70% K.H. 

04/75 = 
85-:i% 

92 -i 

65 

100-5 

04 

(limits 
50- 80) 

249-4 

(limits 

160375) 

17‘ C., 
70%R.fl. 

44/75 

00% 

13*2 

66-9 

102-0 

01-2 
(limits 
54 80) 

272-2 

(limits 

153-379) 


It is not suggested that stareli is the primary factor in inducing diapause, 
l)ut rather that some essential factor was lacking, and that the abundance of 
starch as such, was impeding development. The inability of this species to 
utilize starch, its requirements of linoleie acid and a certain percentage of 
glucose and vitamins of the II complex have been disemssed by Fraenkel and 
Blewett (1943, 1946u, 19466), and it may be that some or all of these factors 
are necessary for the j)rodu(‘-tion of the pupation hormone. 

Eggs produced by wild moths develo])ed into diapausmg larvae, even whem 
reared on Manitoba wheat at 25 ' (\, 76 per cent. R.H. This suggests that 
genetic factors are responsible for the absence of diapause in the laboratory 
stock, especially as it has been selected for a period of four years by rejection 
of the larvae which did not piqiate readily. There is, however, a very (lelicate 
balance between the nutritional requirements, conditions of tempt*, rature anti 
the maintenance of the state of non-diapause in the multi voltine larvae, and 
the limits within which this staU* persists are narrow. 

9. Discussion. 

Ephestia elntella is cosmoyiolitan in its distrilmtion (Richards and Thomson, 
1932), but the readiness with which this species enters diapause suggests that 
it is an insect of temperate (-limate. No definite diapause is known to exist 
in E. liuhniella, the Mediterranean flour moth, and although this species exists 
only in very low numbers in unheated conditions, its pupae have been found 
throughout the winter months (Richards and Waloff, 1947). The non-dia- 
pausing stock of E. eluUila isolated in the Slough laboratories persists at the 
temperature of 24-25^ C., 76 per (;ent. R.H. The lowering of temperature 
to 2r' (\, 76 })er cent. R.H., i.e. liy only three degrees, again induces diapaust*,. 
Diapause can also be brought about at 25^ (\, 76 per cent. R.H., by unfavour- 
able nutritional factors, such as a highhtarch content in the larval diet. Dia- 
pause in the larvae of Loxoslcije sficUcalis is said to be associated with unsatis- 
factory mitrition and lov, tem])crature during develo])m(mt (Steinberg and 
Kamensky, 1936) and that of the braconid parasite. {(Jhelonus annulipes) of the 
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European corn-borer (Pyrausta nubilalis) is affected by the host physiology, so 
that the parasite conforms to the seasonal cycle of the host ( Bradley and Arbiith- 
not, 1938). Moulting in the 4th or 5th instar in Khodnius prolixus is greatly 
delayed in sterile cultures free from the symbiotic AcMnomyces rhodnii (Brecher 
and Wigglesworth, 1944), and the authors put forward a suggestion that growth 
ceases through some vitamin deficiency, ajid that possibly the vitamin is needed 
for the production of the moulting hormone. It is also possible that the pro- 
duction of the pupation hormone is delayed in E, elutxila by unfavourable 
nutrition. 

Field observations on E, elulella have indicated that there probably exists 
a genetic strain which produces the second generation each year. The earliest 
laid eggs produce not only the earliest moths of the following year, but also 
the second generation of the same year. Prebble (1941) quotes several examples 
of diaj)ausing and non-diapausing genetic strains of the same species. He 
describes “ lines of European spruce sawfly, Gilpinia polytonui, with respect 
to the inherent tendency towards diapause or continued emergence. Arbuth- 
not (1944) suggests that there are two distinct biological strains in the European 
corn-borer in thi". United States. The possibility of the introduction of 
different strains of E, ebdella into the warehouses of this country cannot be 
dismissed. 

In childla there is a direct relationshij) between the initial larval weight 
and the length of period of quiescence of the fully fed larvae, irrespective of 
wdi(‘tlier tli('y are ke])t at outdoor temperatures, or at 25' C., 70 per cent. R.H. 
Throughout (juiescHuice th(‘re is continuous elimination of waste products and 
loss of weight (roughly 35 pei’ cent, of the original) up to the time of pupation. 
'Fhe crit(M'ion used to s<‘(‘ wdiether the larvae were in diajiause, was placing them 
at 25 70 per cent. R.H.. and noting the time of pupation. Laiwae ifitro- 

duc(‘d to tlH‘se conditions immediately after their wandering period, i.e. in 
Scjitember and Oi^tober. pupated only gradually. Those ])laced at 25^ V. lat(*r 
in th(‘ year [lupated \Mthin a fortniglit. It is possible that the introduction of 
the larvae to high t(*mperaturi*s at the beginning of quiescence increases the 
out|)ut of dia[)ause-in<liicmg factors, and that low outdoor temfieraturcs are 
n(‘ed(*d for the gradual (‘liiniiiation of these. The time of release of pupation 
hormoiK' III E. ( hdrlla is. as in E. l uJunrUa (Kiihn and Piepho, 1930), in the pre- 
pupal stage, and it is suggested that its jmxluction is delayed until a certain 
weight loss has occurnnl. When l^rebble (1941) determineil the changes in 
wviglit of the diapausing (uJpnna pohjtmmt pupae*, he found that the loss ot 
dry w(‘ight was only 2 ])(‘r cent, during the y^ ar, i.e. weight changes in diapause 
wen* only slight. Melianl>y (1938) found that the* diajiausing prejmpae of 
Efkiha senci/la usually contain a higher ])roportion of dry matter than do the 
normal individuals. He also found that the smaller individuals either pupate* 
e)r ex})ire. This is also true of E. elulella larvae*. IVpper (1914) feund no con 
ne'c.tie)!! be,twe‘en the* ceuiditiem of diapause anel that e)f the biochemical nature* 
of fatty mate'rial in Lo.rostege sliefiealls^ wdiile Busnel anel Drilhon (1937) 
ele\scribe* the hiss in fat (cemtent- of Lepflunlarsa deeemhueala, in hibernation. 
Anelrewartha (1943), who has mve*stigate'el the effe.*ct of low^ temperatures on 
the eliapause e)f Auslroteefes eranafa. ])uts forwarel an interevSting suggesti<»n 
that le)W temperatures affee-t the ste)reel fat dii'octly anel bring about changes 
wdiich make it available to the animal. 
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Finally, it may be said that the quiescent stage in E. elutella is a complex 
process, which may be subdivided into three : (a) The period of diapause in 
which high temperature does not initiate pupation, probably coinciding with 
the time of production of diapause-inducing factors. The nature of these 
factors is a matter of speculation, and will remain so, possibly until further 
experiments comprising cross-injections of diapausing and non-diapausing 
larvae are carried out. It is, however, interesting to note that a loss of per 
cent, of the original body weight occurs before the larvae will pupate at outdoor 
temperatures, and that this loss is mostly due to excretion of nitrogenous waste 
in solution, and simultaneous diminution of the fat body. It suggests 
that the state of diapause is related to the physioh)gical state of the fat l)ody. 
(6) Period of quiescence, in which pupation is initiated by high temperatures, 
and is delayed by low outdoor temperatures, (c) The prepuf)al stage, (*.hara(j- 
terized by the more al3undant excretion, final emptying of the gut», retraiitiori 
of ocellar pigment, release of pupation hormone, the final moult and pupation. 

10. SuMMAuy. 

^1) Most of the larvae of E, cluldUi undergo a prolonged p(‘rio(l of diapiuisc, 
which lasts 8-9 months. 

(2) As well as this univoltinc strain, there exists a bivoltine strain, wliicdi 
produces the second generation each year. A multi- voltine strain has 
isolated in the Slough insectaries. The temj)crature and nutritional limits 
within which this strain persists are narrow. 

(»‘l) The quiescent larvae metabolize slowHy, producing solutions of nitro 
genous waste continuously. Elimination of this wast<) is accompanied by 
loss •in weight. 

(4) It is suggested that the produc.tion of the pupation hormone is delayi'd 
until a certain weight loss has occurred (roughly .‘55 per cent, of tlu^ original 
weight). 

(5) The period of quiescence can be subdividcjd into three 

(a) true diapause, in which high temperature does not initiate pupation. 

(b) quiescence, in which pupation is delayed by low outdoor temp(u-a 

tures and during which high temperature initiates ])upation. 

(c) prepupal stage, characterized by the release of the piqiation hormoiuj. 
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This paper is an account of material collected during the course of military 
servi(je in India, Siam mid Malaya from 1946-1 947. Only the family Baetidae 
is considered here, but it is hoped to work out the rest of the material at some 
future date. It must be emphasized that this is not a comprehensive review 
of the natural history of the species concerned. Much of the work was done 
under active service conditions. Moves were frequent, the duration of stay in 
each locality was short, opportunities for collection restricted and materials 
inadequate. Ko area was revisited at a later date, so it was difficult to obtain 
a clear picture of periods of emergence in the different seasons. Most of the 
collecting was done in a number of areas in India and in a small part of South 
Malaya. The Indian fauna was found to be much more abundant and varied, 
but it is likely that the more mountainous regions of Central Malaya may show 
as great a variety of species as Ulmer has described from Java and Sumatra. 

Certain elementary observations on the habits of tropical forms can be 
made here. Stagnant water forms, such as Cloeon, are mostly nocturnal in 
appearance and emerge the whole year round. They predominate in a con- 
stantly hot climate such as Malaya, where even favSt-running streams contain 
nymphs of few other species. In the moimtain streams of Northern India 
there is an abundant hatch in the autumn, and it may be that this continues 
throughout the spring and summer as well. In the larger rivers of Central 
India, such as the Narbada and Sonar, adults were found in small numbers 
durmg the dry season, but on the Mutha, in Bombay Presidency, they were found 
in much larger numbers towards the end of the monsoon. Careful search of the 
neighbourhood of the Sohan in the North-West Punjab during one week in May 
produced very few of either adults or n 3 miph 8 , suggesting that here at least 
the main hatch had been earlier in the dry season. Hatches of duns appear 
to be infrequent or nocturnal, and so not observed. They were seen on two 
occasions only, on the Sonar in March, where a mixed hatch of Baktidak and 
LEPTonHiiEBnoAE occurred at dusk, and on a mountain stream in North 
Bengal in September, also at dusk. Clouds of dancing ” spinners, so familiar 
in England, were very rarely seen, apart from the winter broods of. Cloem, 
The Underside of vegetation along river banks was, however, a much more 
profitable source of specimens and it was felt that this, together with the 
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associated cobwebs, gave a fair picture of the fly life that had emerged during 
the previous twenty-four hours. 

Much of the previous work on Oriental Ephemeroptera has dealt with the 
larger and more primitive families, e.g. Palingbniioae, Polymitarcibae, 
Ephemeribae and Potomanthibae. Little has been written about the 
Baktibae. Ulmer, however, in a very detailed and comprehensive work 
(1939) has covered the whole known fauna of the Netherlands East Indies, 
and Kimmins (1947) has recently reviewed critically the Indian species of 
Cloeon. Traver (1939) has also described some Baetibab amongst a collection 
from Kashmir. Notes are given here on five genera and twenty species, all 
of this family, of wliich five have been previously described and eleven are 
new. The types of all new species have been presented to the British Museum 
(Natural History), and the descriptions all apply to specimens in 2 per cent, 
formaldehyde miless stated to the contrary. 

1 must record here the great assistance that 1 have received from Mr. D. E. 
Kimmins, of the British Museum, and the free use of files and references that he 
has very kindly permitted. I should also like to express my thanks to Dr. 
T. T. Macan, of the Freshwater Biological Association, for much useful advice 
and criticism and for communicating this paper, to Dr. B. N. (Iiopra, late 
Director of the Zoologi(’al Survey of India, and to Mr. M. \V. F. Tweedie, of 
the Raffles MuwSeum, Singapore. 1 am also iudel>t(‘d to the Se(*r(*tary of th(‘ 
Bombay Natural History Society for the storage of sp(*cimens after 1 l(‘ft 
India. 


Baetis Leach. 

No species of Baetis or Acentrella have up to now been descrilxnl from India. 
Eaton (1885) mentions in a few lines an undescribed female from “ Hindostan." 
From Ceylon, Hagen (1858) described B, consmtus and /?. solidus, and l^aton, 
after his ac^count of these two, adds B, feminahs. He giv(\s, unfortunately, no 
figures of these s])e(‘ios. B. femwalis may, indeed, not have been a Baetis at 
all, as he remarks on the absence of hind wings in all available specimens. 
From Java and Sumatra, Ulmer, in 1913, described B. javmnca and later (1939) 
B, sumatrana, B, olivascens and Ac-entreUa fulmehi , 

An account is given here of eight species from India and one from Malaya, 
of which six are described and figured as new species. The remainder art* only 
Imown as females and it was not considered justifiable to describe them. They 
were collec^ted mostly in two widely separated areas in India, namely, the foot- 
hills of North Bengal and the River Mutha, near Poona, both v(‘ry different 
habitats. 

They arc similar in general to European species, although the Malayan 
specimen is noteworthy for the remarkably small size of the hind wing, smaller 
than in most species of Centro'ptilHm yet typical of Baetis in sliape. Two species, 
B, dipsicus and i?. palmyme, belong to the Acentrella grou]). I have h(Te 
j)Iaced them ail in Baetis, as the exact relationshij) of Acsntrella to Baetis is 
still in doubt. These two differ from the others only in lacking a (*ostal sp\ir 
in the hind wing and, in palmy rae, by the hind wing being smaller than usual 
and very slightly smaller in the female than in the male. 

Towards the (md of the monsoon appears to be a favourable time in India 
for their em<*rgen(*e. B. flui tans was [larticularly abundant in the rain-swollen 
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waters of the River Mutha (air temperature 70 >85'" F. in September) to^etluT 
with fewer numliers of B. yalmyrao and B. dipsicus. On the other hand, a 
single spcicimen of B. palmyrae was caught on the Narbada in the hot dry 
weather of April. In the cooler waters of tlie Himalayan foothills (c. TO'" F., 
air 65 78° F. in Septemlxir at 4000 ft.) their period of main emergeneo is ])ro- 
bably a little sooner than in the plains. Few nym})hs were found then, although 
those of other genera, e.g. Epeorus, wen* abundant. 

A table is set out below giving sonu* of the ])rincipnl eliaraeteristies of tin* 
new sj)e(*i(*s and those of other authors : 


Principal rliaracfcrisfirs of species of Baetis. 
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Baetis dipsicus sj). n. (tigs. I, 10 ; forceps, hind wing). 

Mah imago (in life). -E\<'s jxile bluey grey. Thorax buff. AbdonuMi yellowish green, 
olive ^leon at |>OHtenor niaigiiis of s(?g!nt‘i\ts ; tergitt^*- 8-10 buff. Foreejw aiul uiils wliito. 
All ffMiiora sandy brown with a ginger sjiot at tlio a|H*x ; tibiae and tarsi tianslueent h hit(‘. 

(In fluid). -H(‘ad orang*' iirown ; turbinate* eyes sejiarated a})ioallv, brownish rod in 
colour, yelluw round the sitles ; lower portion black, ocelli white ; first two anttnnal si‘i: 
inents yellowdah en*ain, umber at the joint, nunaining s(‘gnien1s colourless. Thorax 
generally orange brow'ii, s'tu'iiiles rather darker. Abdonu'n . Tt*rgitos 2 <> stnii-opaque 
wdiite, shading off to faint brownish laterally ; posterior marixins dark brown, this margin 
bi’oadening on the flanks and being most distinct on segments 2 and 3; tergites 7-10 
opaque brownish cream, 8 rat her darker ; steniites l-b cream. 7 10 orange cream. ( knit al 
foi'i'eps (fig. 1 ) wdiite ; basal joint as long as second, wdneh tapers evenly distally and has a 
small rounded tubercle on the inner side* near the base ; third joint twice as long as si'cond, 
broader in the distal two thirds : fourth joint very small, globular and incompletely divitltnl 
from th(' third joint. Tails white. Jx'gs : Fore femur yellowdsh orange, tibia and tarsus 
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white except for the last two tarsal joints and claws, which are dusky ; other femora 
yellowish, tibiae and tarsi white. Proportions of fore leg, femur : tibia : tarsus, 22 : 34 : 35 ; 
tarsal joints, 1 : 10 : d : 4 : 3. Wines translucent colourless, veins very pale yellow ; 
stigmatic area contains 6-10 simple or very occasionally forked, slanting vcinlets ; hind 
wing 0-8 X 0-2 mm., small, narrow, with rounded end and complete absence of costal 8])ur 

(fig. 10). 

Female if mi go (in life). — Thorax and abdomen deep ginger brown, motanotiim darker. 
Proximal half of tails grey, distal half white. Femora ginger, tibiae sandy brown. 

(In fluid). — Head mauve ; oculi blackish mauve, oceUi grey ; antennae grey. Thorax : 
Pronotum buff ; mosonotum the same but darker round the margins and with a very 
distinct ])iteh blown median lino ; metanotum darker and mor(» of a chocolate brown ; 
pl(‘urites orange brown ; sternites orange, excejit in the intei -coxal area of the mesothorax, 
which is cream. Abdoimai, when void of eggs, translucent \\ hit(^ tingt*d with jimk ; whim 
full, deep orange brown ; posterior and lateral margins of tergites 1 tinged with pink, 
most marked in segment 1 ; by reflected hghb there a})])ears on tergites ti -9, on eithiM side 
of the mid line, a light brown line extending from the })ost(»rior margins two-thirds i)f th(i 
way to the anterioi* margin and interrupted at its middle ; tergite 10 orange ; sternites 
pinkish cream. Tails white. Wings as in male, exc^ept that ihc' veins are rather dark(u% 
especially at the wing root. Legs : All femora orange ; tibiae and tarsi white, except 
for last tarsal joints and claws, which are dusky. 

Body-length : Male t) mm., female 7 mm. : Male (>-(>.] mm., female S mm. 

Tails: Male 11 mm. 

India : River Miitha, four or five miles aliove Poona. 

The type-sj)ecimens, four males and two femal<‘s, wen* found on the undt‘r- 
side of the fronds of palm trees in the hushes along the hank of the river, 
on 10 and 11 .ix-df). 

This is a. largish species of the Acentrella group, readily distinguish(*d hy 
its size, brown and green coloration and charaeteristi^’ foreeps. A. faJinrli 
Ulm(*r has a similar hind wing, but differs in tin* shafx* of the forc(*ps and in 
(‘oloration, and the eyes an* contiguous apical ly. 


Baetis palmyrae sp. n. (figs. 2, 14, 15, forceps, hind wings). 

Male imago (m life). -Eyes light sandy brown. 'Phorax }>itch brown. Abdomen 
translucent cream ; segments 1, 3, 5 and tinged A\ith ])ink. 7 10 sandy brown. 'Pails 
and for(;e})S white. Legs cream exc(^])t for the fore tibia, w hich is dusky ; fmnora all bear- 
ing a red spot at the distal end. 

(In fluid.) — IL ad : Turbinate eyes orange red, contiguous at their aj)(*x and ovei- 
lajiping the pronotum com])letely, lower portion blackish ; ocelli w hit(^ ; basal tw'o antt*nnal 
segments wliite, remainder colourless ; basal joint has a small spine on the lateral asjiect 
of its distal end. 'Phorax uniform reddish brow'ii. Al)domen : 'Pergites 2 b transluctuit 
white, 7-10 ripaque cream ; sternites as D*rgites. Forcejis (fig. 2) white ; basal joint as 
long as second, directed slightly outwards ; second joint untajierod and without tubercle ; 
third joint twice as long as second, bent .sharply inwards at the end of its jiroximal one- 
third and becioming thi(?ker at this point ; fourth joint large and globular, and (ioinjik'tely 
separated. Tails white. I^gs uniformly wdiite, (*law^H dusky. Proportions of fore leg, 
femur : tibia : tarsus, 23 : 32 : 25 ; tarsal joints, 1 : 12 : 8 : 4 : 2. Wings transhment 
colourless ; veins very pale ytdlow, except round the wdng root, wh(u-(‘ they are reddish 
blown ; stigmatic area contains 4 7 incomplete .slanting vcunlets ; hind wing 0-fl ^ U l 
mm., narrow, spurless and wdth two veins (fig. 14). 

Female imago. — Head : Dculi juirplish black, ocidli white ; basal antennal segment 
brown, setsmd segment croam. Thorax orange brown. Abdominal tergites semi-trans- 
lucent brownish pink, brown along the posterior margins ; on tergitt's 2 b the spiracular 
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line is marked clearly blackish along the lateral margins ; stornites white, tinged with 
pink, especially in segment 10. Tails missing. Legs : Feinoiu brownish ci*eam, tibiae 
w hite, claws dusky. Wings as in male, except that the hind wing is slightly, but distinctly, 
smaller (fig. 16). 

Body-lengih : Both sexes, 3J~4 mm. : 4~4J mm. 

1ni>ia : Kiver Mutha, four or five miles above Poona. River Narbada, 
six miles above Hoshangabad, (LP. 

The type speeimens were four males and two females fixun the Mutha, 
taken on 10 and ll.ix.df). The males were found resting underneath the 
fronds of low palms along th(‘. l)ank of the river, the females spent on the surface 
of the river. The Narbada specimen was caught alive in a cobweb at midday 
on 19.iv.45, air temperature l(K)-d08^ F. 

This is a small species, easily recognized by the very reduced, spiirless hind 
wing and the c.haracteristic forceps with the large globular tenninal joint. 


Baetis fluitans sp. n. (ligs. 3, 18, forceps, hind wing). 

Male, inmgo (in life). — Fyos dark red. Thorax pitch brown. Abdominal segments 
2-1) translucent white, 7~10 dark reddish brown. Tails white. 

(In fluid.) — Head uml»er ; turbinate eyes dark red, separated apically, lower i)ortion 
blacikisli ; ocelli white ; basal two antennal segmontH brownish cream, remainder whi^'. 
Thorax uniform umlxir, sutures darker. Abdomen : Tergitt^s 2-fi tiansluccuit wdiite, 7-10 
opaque sandy brown ; stemites 2“fi white, 7 and 8 cream, 0 and 10 sfindy brown, darker 
at the margins and round the forceps base ; at the junction of the ninth and Uuith stermU'S, 
between the basal joints of the forcteps, are a pair of dark brown sjiots, shghtly elongaUui 
laterally and forwards. Forc?ei)8 (fig. 3) : Fust joint brow n, remainder whiti* ; first joint 
Hube(|ual to second and with a distinct tulxTck* on its inner distal lip ; seeofid tajKuing 
slightly and evenly ; third joint one and a half times as long as second, tailored slightly 
jiroximally ; fourth joint thin, i»ointcd and rather less than half the length of the third 
joint. Tails white. Legs transhutent colourless. Ih()])ortion8 of fore leg, femur : tibia : 
tarsus, ](> : 25 : 21 ; tarsal jointH, 1 : 8 : fi : 4 : 2. ^^'ingH translucent colourless ; subcosta 
and first radial branch brownish by ix^flectcd light, yellowish by transinitt»(*il light ; other 
veins tinged with the \er> faintest yellow' ; stigma tic area contains r> or (i simj»lc. slanting 
veinlets ; hind wing small, 0'() . 0*25 inm., rounded with an acute sjiiir, two veins and 
a trace of a third vein (lig. 18). 

Female mmgo (in hfo). — Thorax and abdomen dark sherry brown, civam on the under- 
side. Tails w'hite. L(‘gs sandy brown. 

(In fluid.) — Hoad oiaiige broAvn ; oeuh black, occdli blackish gn*v ; first two antimnal 
segments r(*ddish brown, remainder jiinkish. Thorax orange brown. Abdominal tergites 
2 () semi -translucent pink, jiosterior margins rath(‘r n^dder ; remaining ti^ugites ri'ddish 
orange ; stornites white. 'Pails white. I^^gs uniform transluciuit white, hind claws dusky. 

JSodg-lmgth ; Both sexes, 3-3^ mm. Wing : 31-4 mm. 

India : iiiver Muthu, lour ut five mihvs above JVjona. 

Tlic lypi* speoimens, four males an<l two females, were eaugJit on 10 and 
io.ix.45. On tile former txa-asion tli<* ftunales were coming down, lloating on 
the surface of the rivei*, in largt* numbers all day. Both sexes w'ert* also almn- 
dant in llu* bushes and coliwelis along tlic bank. This spcei(\s seemed to be 
miieh the most common fly at this time of year, wh(*n the riviu* is swollen with 
the rains and w^eathcr i*ot too hot. 

This js a sjnall species, recognized liy the eharaetiTistic forceps in the male, 
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lack of pigment in the wings and small rounded hind wings with two veins and 
a trace of a thinl. The females are very similar in appearance to B. palrnymo 
and are only distinguishable with certainty by the hioH wings. 


Baetis tigroides sp. n. (tigs. 4, 8, 9, forceps, wings). 

Male imago (in life). — A rather handsome red and yellow fly, strijicd in parts. Head 
yellow, eyes brick red, jialer at the sides, ocelli black. Thorax pitch brown. Abdomen 
generally rod and yellow, tcrgites 1-5 yellow with the jiosterior margins red, yellow 
background with striking red markings, 10 mainly yellow. Tails yellowish red, forceps 
white. Fore wing bima(;ulate. Fore legs reddish ginger throughout ; Qther legs, femora 
yellow, proximal half of tibia brownish ginger, distal half and tarsi yellow. 

(In fluid.) - Head piik^ orange ; turbinate eyes strikingl\ tall and cylindrical, only 
slightly broader at the ajiex than at the bast^, reddish orange on to}), yellowish round the 
sides and becoming i*edder at the base ; lower portion black, ocelli pale gif^y, each with a 




(b) B. sohftinus. (7) P, inojnnum. 


black ring round its base ; antennae white throughout. Thorax generally chocolate 
brown and white ; pronotuui white ; tip c»f HK'stmotum white, remainder chocolate, exco])t 
for two irregular whitt^ lines that r.idiate Irom the postiu’ior end of the median turrow to 
just in front of, and just behind, the wdng ixuit res|)e,ctively ; nietanotum rather paler 
chocolate ; pleurites and stemitos w’hitt^, except for a nariow’ chocolate band extending 
from the wing root to the middle of the anterior border of the mososternum. Abdomen 
semi-oj)atj[ue cream ; tergite8 2-5 cream, band 7 })inkish, 8-10 browner; posterior margins 
of 2 and 3 dark browuiish red, broadening out at the sides ; tergite 9 also has dark brown 
flanks ; on tergitos 4-8 is a paler median line and on either side of i^his, on segments 6 and 
7, is a faint pale, divergent stripe running backwards and slightly laterally, this being mo- 1 
distinct on segment 6, loss so on 7 and doubtfully pi’esent on remaining segments ; stern ites 
uniform cream, Forcei>8 (lig. 4) white ; basal joint rather longer than broad, equal to 
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second joint, which is thin and with a few distinct hairs on its inner border ; thii-d joint 
long and thin, bent in rather sharply near the base ; fourth joint small and ovoid. Legs 
white ; luoximal half of hind and mid femom brownish. Proportions of fore leg, femur : 
tibia : tarsus, 28 : 48 : 40 ; tarsal joints, 1:17:12:7:2J. Wings generally translucent 
colourless ; area round wing root and outer one-quarter of (;ostal and subcostal areas sooty 
brown (fig. 8) ; veins strongly formed ; main veins round the wing root, 0, So and Hj in 
the jiigmented area of the wing tip, all cross veins and occasional jiortions of the main veins 
where they are adjacent to the cross veins, sooty brown ; stigmatie. area contains 7-9 simjile, 
slanting cross veins ; marginal interoalaries rather long ; hind wing 0-7 N 0-2 mm., 
spatulato with central spui* and thre^i veins (fig. 9). 

Fe7nale inmgo (in life). — Eyes and thorax dark brown. AbdomiMi burnt umber, with 
indistinct darker markings. Tails deep umber. Legs : Femora ginger with lighter 
])atches, tibiae with proximal half umber, distal half translucent grey. 

(In fluid.) — Head dark brown ; oculi blackish grey, ocelli j)aler ; basal tw'o antf’iinal 
st‘gmonts cream, remainder sooty. Thorax : Notum dark sherry brown. ))l(n rites and 
sternites cream. Abdominal tergites 1-9 dark sherry brown, shading off to yellow'ish 
brown laterally ; tergites 4-5 lather palci-, 8- 9 contain rathiu* mort* yidlow' ; tiu’gite 19 
yellow' ; sternitt's 1-7 ycUow'ish cream, 8 and 9 browiu*r ; stm‘nit<‘s are marked wdth a 
distinct single yedlow' dot on either side of the mid lino ; postt'rior margin of si'gmenf. 7 is 
shglitly broadened ov'cr the ojionings of the two o\i<liicts. Tails uniform dark slierrv 
brown. I^egs : Femora yellowish cri'am ; jiroximal lialf of tibiai^ KKldish brown, flista-l 
half and tarsi sooty, darkest in the for<' tarsus. Wings j>igm(ait«*d as in tht‘ male, but ail 
veins are sooty brown throughout, including those of the hind wing. 

liody length : Male (ij mm., female 7-7J mm. H'lng : Mak^ (> flji mm., female 7.]--S mm. 
y'(/i7s : Female 19-20 mm. 

IxDiA : Mountain streams betweim 4009 it. and oOOO it., round Mirik, N. 
Bengal. 

The type spe(*iinens, one mah* and four leniak* iniagin<‘s. wtui* eauglit at 
r(‘st on the underside of foliag(‘ overhanging stri'ams ])(*tvv(M*n tin' and 24th 
Septeml)(*r, [940. Females were seen not infri'quently, but only om* inah* was 
found. One female was observed egg-laying ov'er a sjuall wat.iu'lall, bearing 
a bundle of orange* eggs. 

This is a large sjieeies recognized at oni'c, iu both se\(‘s, bv th<‘ bimaculate 
pigment in the wings, wdiich readily distingiuslies it from all otli(‘r sjiecies. 

[ also have sp(*.eimens of two snliiinagines and one* imago, all females, that 
appear to vary a little* from tlie* al)ove* deserijitieui. The*y differ in t hat t he 
stigma eontains a serit*s eif heuizenital v<*inle*ts in addition to tJie* simple* cre>ss 
veins, the abdominal sternites are mark(*d wuth a dash e>n (*ae*h side as w’e*ll as 
a (le)t a,nd the pigment in the wings is slightly fainter. Th(*y have, he)we‘\^t‘r, 
a similar sha])(*d hinel wing, charae teristie* dark veqiatiein and long lads. The*se‘ 
spee*ime*ns woiv see*n tei emerge* at dusk, temjieTature* 07 OH F.. fieuii a small, 
fast-fle)wu*ng aepieduct. The hatch e*ontiniwl after dark. On first Jiatching 
til e‘se duns Jiad l>lae‘k e*ye‘s, chrome yellow' bodie's and le*gs, with giiige*!* margins 
t.o the segments and pale grey wdngs. 


Baetis thurbonis sp. n. (figs. 5, 16, forcefis, hind wing). 

Male iwago (iu life).— Eyes dark red ; thorax burnt umlwu*. Abdemiinal teugifes 1-fl 
very ])ale lomoii, posterior margins ringed with dark eirange, 7-10 dark orange brown. 
Tails wdJit(^ ringenJ faintly ith rod. Femora sandy brown, ilarkcr at the ajK'x ; claws 
dusky, remainder of leigs wdiiU\ 
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Fias. 8--20. — Win^K of B(t(h,s and ('* ntroptihtni sjmh-ios (to scalt'). (S) Ji. ti(jroidc.s, fiuo 
win^ (not t-o scalt>). (H) B. tiijroldt s, hind win^. (J()) />. dipsictf^^. (11) B. solitanu'^'. 
(12) Bnelis s]>. I. (i:i) Burths sj>. 'A. (M) B. pnhNprrK, (ir») H. pnhnjirnr, V- (•<>) 
B. fhurhoNis, ( 17 ) Baetis so. 2. (IS) B. fludanfi. (ll>) L\ f am jH.sfn . (20) iUnirvit- 
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(In fluid.)- Head : Turbinate eyes not especially large, separated apically, orange red, 
lower j)ortion jiurplish black ; ocelli gi’ey with dark basal ring ; antennae reddish brown. 
Thorax generally pale chocolate brown with pale ci-eani areas on either side of the meso- 
notuin opposite the wing roots and in the mid line posteriorly ; pleurites and sternites 
buff, metasternum paler ; anterior margins of mtssopleurites and mesostemum burnt 
umber, forming a dark ring from wing root to wing root. Abdominal tergites 2-7 trans- 
lucent white, 8 10 opaque yellowish cream. Basal forceps joint cream, remainder trans- 
lucent white (fig. f)) ; first joint rather longer than broad, senjond narrow and evenly 
tapered, third long and of uniform thinness, fourth joint slightly elongate. Tails white. 
Legs white, claws dusky ; foni femur pale brownish cream, darker at the distal end. 
Proportions of fore leg, femur : tibia : tarsus, 35 : 46 : 36 ; tarsal joints, 1 : 14 : 12 : 6 : 3. 
Wings translucent colourless, except for a little dark brown pigment round the wing root ; 
veins jiale amber ; stigmatic area very faintly milky, containing 3-6 irregular, slanting 
cross veins and a broken hue of irnigular, horizontal veinlets ; hind wing rather large, 
1 X 0*4 mm., ovate, with three veins, and a shaiq> spur (fig. 16). 

Body-leiigth : Male 6 mm. Wing : Male 6 mm. 2'ails : Male 16-17 mm. 

India : Thurbo Tea Estate, Mirik, N. Bengal, alt. 4000 feet. 

One male imago was c'aught at rest imder foliage over a mountain stream 
on 20.ix.46. 

This species is b(\st distinguished by the large hind wing with three veins, 
the dark mesosternal ring in the thorax and the shap(^ of the forceps. B. cov' 
sneluH Eaton would appear to be smaller and to have simple veins in the ptero- 
stigma. 


Baetis solitarius sj). n. (figs. 6, 11, fonieps, hind wing). 

Mah mago (in life). — E\cs brick ml ; thorax buff ; abdominal segments 2-6 palo 
lemon yellow, 7-10 buff ; Uiils white ; femora lemon, rest of l(‘gs white. 

(In fluid.)— Head reddish bro\\n ; turhinaU* eyes red, orange round thc‘ sides, lower 
portion black ; ocelli purjdc ; basal antennal segments reddisli brown, remainder cohiurless. 
Thorax: Mesonotum dark sherry brown, metanotum paler; jdeurites and stcuiiitt's 
(;ream. Abdominal segments 2 6 translueent white, 7-10 xellowish en‘am. Foreejrs 
(tig. 6) cream ; basal joint slightly longer than broad, siHJond joint uaiTow and ta|Hwed, 
third long and uniformly Hlend(‘r, fourth joint rounded and slightly elongate'. Tails 
whit(». l-^*g« generally wdiito, fore femur yeUtiWish. Pri>portions of fore leg, femur : tibia : 
tarsus, 20 : 30 : 36 ; tarsal joints, J : 17 : 10 : 5 ; 3. Wings translucent colourless ; costal 
and subcostal area ajipear faintly milky by ri'fleck'd light; veins pale ainbm’ ; stigmatu; 
aiea <;oiitains 6-7 irregular*, branched, horizontal and vi^rtical veiirlets ; hind wing 0 5 > 
0’2 mm., ovoid with well-formed costal spur and two veins (fig. 11). 

Bixly Imgfh : Male mm. Wing : Male 4J-5 mm. Taih : Male 13-14 mm. 

India : Mirik, N. Bengal, 4(KK) ft. 

(Jiic male imago was caught at rest on foliage on 20. ix. 46. 

This sjiecies superficially resembles B. fhurhihds, hut is smaller, lacks tlu* 
(lark m(‘sost(^nial ring, and the hind wing has only two veins. Th(* r(4ati\r4y 
long fore tarsus would a]jp(*ar distinctive, unless this is du(‘ to maltormation. 
Eaton's description of B. solidm, from dri(*d spi^i imi'iis, might jiossibly a]>[)ly to 
this species, although the darker thorax of the latter W'ould probably distinguish 
it. 


BaiHin sp. 1 (6g. 12, hind wing). 

Femmh imugo (in life). A small dark 8}x>cies. Eyes blue. Thorax buff. Abdomen 
dark sandy brown, posterior margins darker reddish brown, tergites 8-10 still darker. 
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Taik burnt umber and luther long. Wing venation blackish, stigma coidaius 4-5 veinlots. 
Hind wing as in iig. 12. 

Several females from Mirik, N. Bengal, 18- 2;5.ix.4G. 

Baetis sp. 2 (fig. 17, hind wing). 

inutyo (in life).-— A sniall fly. Thorax reddish brown. Abdomen uniform 
olai-et red, underlxdly cream. Tails whiter. Stigma eontiiiiis 7 incomplete, slanting veinlots. 
Hind wing as in lig. 17. 

One female imago was caught at sunset on 2:i.v.45 on tin*, river Solian at 
Cliak Lala, near llawal Pindi. 

BaUis s]). 3 (fig. 13, hind wing). 

I^his siKjcimeu, from Malaya, is r(‘pivHejit<xl by one fragmentary fc^male and is cliarae- 
terizod by the (jxtreinely sniall hind wing, by the single marginal iiit(‘realary in the second 
medial interapaee of the fore wing and by the absiniee of intercalaries behind this. 

Prom a cobweb, 15.i.47, at Kota Tinggi, Johore State. 

Ptiendod o'eon Kla pa lek . 

This genus is w'idely distrilmted in India and the Par Kast. Prom the 
W(\stern (rhats Navas lias described rubdlmn and anoth(‘r sp(‘,cies is lien* 
added to the Indian list from N. Bengal. P. Iraepdini Klapalek is also recorded 
h('re from Malaya, 


Pse((r(l(f('loeoH> Iracpdiiu Klu[)alek. 

Ojk* male imag(i, very jirobably of thi^' speci(*s. was caught on overhanging 
loliagc at tlic waterfall near Kota Tmggi. »S. Malaya, on 15 i 47. Tin* fore 
tarsus is only slightly longer than the femur (c/. rimiu*. lG3ih tarsus 1 J :x hanur) 
but in othei* j’es)>ecis the specimen agrees w(‘ll witli his description. 

Several nymphs were also caught on th(‘ sandy lied of tins fast-ll(»' ing 
stream, where tln*y siMuncd to re])res(‘nt the* only iauiia. These an' vt'i v similar 
to rimer's PfumtodoroH sp. 1. although differing slightly in the sliapi' of the 
tenth t(‘rgite and in the marking on the head. 

Pseudocloeon inopinum sp. n. (tig. 7. lorceps). 

Mali imago.- Head ; 'rurhmatc cv(*s vci-> tail, sc'pnratcd a]ikallv, reddish orange or 
tioj), yellow round th(' sidi's ; lower })ortion hlaek, ocelli gre\ ; basal two aiiteiiiial segments 
brownish mauva% remainder eoloiirless. Thorax : JSotum and pleurites bull, steinites 
cream. Abdominal segments 2-7 translueent w bite, 7-10 greyish brown, 10 rather liglit(*r : 
steriiiU'S 7- 10 brownish cream, ilasal forcejis joint (fig. 7) brownish, reniairder dusky i 
basal joint rather longer than broad, second joint long and narrow, third joint taj)crod 
slightly proximally, Iburth joint ovoid. JVnis cover jiresent. (Tads probably white.) 
Lt'gs uniform w hite, foiv femur touched wuth yellow . Pi-oportions of fore log, femur : 
tibia ; tarsus, 10 : 32 : 21 ; tamal joints, 1 : S : 7 • 3 ; 2. Wings tmnsUieeut colourless ; 
by rt'floctod light the outer half of and Sc an'a is faintly milky ; veins wry pale amlxu* : 
marginal iiitenralarkvs in lirst eiihital int(u*8|)ace paired, in s(»cond interspace single 
and absent Ix^hiiid this ; stiginatic area <*onl.ains J-2 ineoinpletc cross veins. 

Bodi/ letigfh : Male 5 mm. Waig : Male 4^ mm. 
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India : Mirik, N. Bengal, 4000 ft. 

Two males were (‘aught at rest on foliag(‘ on 20.ix.40. 

This s]>ecies differs from hraeixdim Klapalek and P, ohseurnm Ulmer, i}i 
tlie tall, narrow, turbinate eyes, whieh are well separated apieally, aiid from P, 
hoett(/en Ulmer by th(' short fore f(?mur and thimier forceps. The nearly 
ri'lated Bactidla ladalae Traver has a shortcu* fore tarsus (equal to femur) and 
the terminal joint of the forcc'ps is elongate*. P. ruhelhf/m Navas, appaieiitly 
described from a female, would ap})ear to be* smaller and to hav(* characteristic 
markings on the notum, as well as on the abdomen. 


Ceniropti iutn Eaton. 

Only OIK' specii's of this genus, C. vitellinum UliiK'r (IIKIO) Irom Bohk'o, has 
be('n describi'tl from the Orient (outside Ja])an). Two sj)eci(‘s an* hert' recorded 
from India, one being described as new. 

Centroptilum campestre sp. n. (fig. lb, liind wing). 

marjo (in life). - Eyes ml. Thorax light bull. Abdonuiii groyish bull, shading 
off to ynllowish posteriorly, sUMuitos oroam. Tails pure white. 

(In fluid.) -Head: 'rurbiuato oyc^s palo oraugts slightly separated apicallu lowc^r 
portion gn*yi8h black, ocelli groy ; basal two ant<*nual w^guu'iits cream, rcmaininir si^gnuaits 
colourless. Thorax generally buff, dark(‘r at the sutures ; jironotiim yellowish. Abdo- 
minal torgites 2-b translucent yellowdsh orange, whiter along postiuuor margins, 7 10 
ojiaque palo orange; stcrnites yi'llowish civain, ninth stianite bordc^ml lat(Tally with 
dai k brow'll. Basal joint of foi'C(‘])s yellow'ish ciearn, romammg joints white ; structure 
much as in C. pennuhttum Katon, second joint short, tapering sliaipK dist illy, third joint 
long, tapering marki'dly jiroximally, fourth joint small and tliiri. Tail(s) w')ut(‘. Lt'gs • 
Fore fomur lemon yellow, tibia and tiirsus translucent w hit(‘ ; oMuw lemora \ello\\'isli 
cream, tibiae and tarsi white. IVojiortions of fore It^g, femur : tibia : tarsus, 17 : 21 : 24 ; 
tarsal joints, 1 : 10 : 7 : 4 : 2. Wings generally colourless ; C- and Nc ari'as, in the inn(‘j‘ 
two-thirds tinged with the very faintest yellow, in the outer oiu^-thiid, distinctly clouded 
jiale yellow' ; C, Sc; and K1 jiale yellow, otluT mmiis eol()urlc‘ss ; stigmatie area contains 
0 simple, slanting cross veins ; hind wing very small, nairow, witli ioijnclc‘d aj>c\ and tall, 
thin and recurved costal spur (hg. 19). 

Bodj/ lcn(jfh : Male /j mm. : Male 4~4J inm. 

India : Uiv(‘r Sonar, lu^ar Saugor, U.P. 

Oni‘. male was captured at dusk as a subimago on I-Ik* surface of tlie rivtu’, 

Jl.iii. 4 r). 

This s|>(*cies is distiiiguish(*(l from ('. vitellinum Ulmer by tJu' yellow tinting 
111 the wings and the uniform light (-olouring of the thorax. 

Ceniioptilum sp. (fig. 20, hind wing). 

Fr.nKtIc Imago (in life). — Eyes and thorax oriiorald gr(u*n. Abdomen slightly darkt'r 
green, posterior margin of each segment reddish browai ; ninth st(;rriite emerald gret'ii. 
Tails uniform vc^ry pale green. Legs wdiite, femora reddish brown. Wings translucent 
colon rlc‘8s ; stigma contains 4 -5 cross veins ; hind wing as in lig. 20. 

liodylfMglh: Female (> mm. Whig: Female mm. 

India : Mirik, N. Bengal, 4000 ft. 

One female was (aiptured ov(*r a moimtain stream on 18.ix.4l). Tin* dun 
has dusky wings and a light olive*, green body. 
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Eplmneroptera from India and South-East Asia 
Clo’eon Leach. 

This genus is the most commonly encountered by the casual collector in th<‘ 
tropicuil pHTts oi the J^^ast, and it is not surprising that a considerable number 
of species have! been described. Some of thes(‘ accounts are of males and some 
of f(unal(\s, and it is not always possible to arrive at a definite (lonclusion as to 
the specific differences involved. Jjestage (1929) gave a key to the identifi- 
(‘ation of the then known s|Kicies and also commented on the difficailties of com- 
j>aring des(*riptions based on different sexes. Perhaps the idea of using feinal(‘s 
as holotypes, as suggested by Kimmins (1947), would do much to (darify (Ik* 
position until more c(‘rtain sp(‘('ific characters for the males can be found. This 
method has certainly simjdilied the identification of Indian species. 

In a hot, humid country such as iVIalaya few other genera are met, unless 
more careful s(*a,rch is made. Th<*ir flying time is almost (‘iitirely confined to 
twilight or tin* night, but in India, anrl also in Jlangoon and Bangkok, niah's 
may be s(‘,(‘n dancing by day in the winter. The same may be said of the nearly 
i*elat(‘d genus /Voc/oco// Bengtsson. P. harvetft Kimmins s(*erns to flfiurish 
under all climatic conditions, ranging from the intense dry h(‘at of the sumnu*!* 
in ( Vntral India to tin* sticky warmth of Malaya or Bengal during monsoon 
tim(*s. C. hinthu' Kimmins also seems to liavi* a widi* climatic as W(‘ll as 
g<M)graphic range. 

F<Mute(‘n s|)(*(‘i(‘s of (laemt and two of Prarlorott hav(* lM‘en described 
from India and South- Fast Asia, exclusive of foui species not known outside 
f’hina (rimer, 193(i). f)f thes(‘. rnJxPum Navas (1923) and i\ Utematinik 
Navas (19‘’»2) are described from males only and are difficult to compare. (\ 
rtruhs Kimmins (1947), (\ rnrti'< Klapalek (1995) and (\ roimuni Navas (1931) 
would se(‘m to form a (dos(‘ly related group with gnenish marginal jiigment in 
the wings. (\ htntlor Kimmins (1947) and (\ hashuin 7Vaver (1939) are dis- 
t inctive sp(*cies from India, and (\ nutrfphalr Hagen and (\ hvnijalvxse. Kimmins 
( 1917) are mutually similar species, all four with mainly brow'n marginal areas. 
( \ JIunafilr Hiner ( 1919) from New (riiinea, and (\ v.tiifniux, Navas (191S),from 
the Phili])pines, both liavi* V(*iy faint yidlow ])igm('nt in the wings, 

Navas (193)2) has |ugiiK*nt in tin* a]H‘X of tin* wings and (\ riinv(fuin,m (4u)])ra 
(1!)21) and (', pnlchrllum Banks (1913), both from India, liave ch*ar wings. 

1 giv(‘ not(‘s hen* on two of these specu's from India and Malaya and also 
(h‘scrib(‘ (avo ik‘w clear-wing(*d s])eci(*s from ^lalava and Siam and (uie from 
India. I follow Kimmins in pbu ing hmhamlatmK, and Inurcf/i in /Voc/oro// 
though without adding any new* s])ecies to the g(*nus. 1 am inch'bted to him 
for very kindly comparing my sjiecimens with his tv]>(\s. 

fjike t Ik* Furop(‘an ( \ d/yi/cr/A/M J^., sev(*ral Oriental species are ovoviviparous. 
IdiiK*!’ (1912) has dt'seribed tin* ])lK‘nomenon in I\ }>vhi(ivi(htitnn. Hiss(*ctKm 
of specinu'ns in mv collection has showm the ]m*S(‘nce ol one-half to two thirds 
grt^wn (‘inbrvos in ( \ Juvolor from Saugor and P. htnrrfff from B(*ngal. 

(IJo’eo)t hivohw Kimmins. 

This s])(*cies w’as described from Bengal. My specim(*ns are from (kalcutta. 
b.xii.4r>: Saugor, (\P., S.iii.4r): Budni, Bhopal, ll.iv.4r): Bangalon* 

^ Xavas has also giviai this tiaiae t<7a’s|M^cu*s from ( Vntral ( 4n?ia. in w Inch tin* mafyinal 
area is yellowish. (I9‘t‘h Xnlts rut. rhtu, 9 : 17). 



174 


Mr. M. T. Gillies’ JVotes m Some 


7.xi.46 ; Bangkok, 6.i.46 ; and Singapore, 17.i.47. The Malayan specimen 
is a little smaller than the rest. Some examples from Bangalore appeared in 
life to bo similar to (\ bengalense Kimmins, but are now so faded as to be indis- 
tinguishable from bicAiilar, 


Cloeon viridis Kimmins. 

This was also described from Bengal. I have specimens from Jhikargacha, 
W. Bengal, 4 . vii . 45 ; from a ship at the mouth of the Hooghly in October, and 
from Bangalore, 15.xi.45. Examples, possibly of this species, wen' also seen 
at Khandala in the Western Ghats and Malacca. Some of these specimens in 
life were pure apple green in colour, with little if any reddish brown markings 
(c/. Kimmins, p. 98), and it is just possible that this may represent the difference 
between C\ virens Klapalek and this species. 

Cloeon siccum sp. n. 

Female imago (in life).— Whole body light sandy brown, abdomcMi cream underneath. 
Tails white. l.iegs translucent. Wings translucent colourless. 

(In fluid.) — ^Hcad yellow; oculi black, ocelli mauve; antennae white. Thorax yel- 
lowish brown, mesonotuin rather lightier. Abdomen orange yellow, greyer when empty of 
eggs; sternites cream. Tails white. Fore femur yellowish, rest of legs whikn cla^ys 
dusky. Proportions of hind tarsal joints, 9 : 4 : 3 : 7. Wings and veins <*olourles8 ; all 
marginal interoalanes single and none posterior to CHi2 ; stigmatic area (‘ontains 5-7 oIohc', 
simple, slanting veinlets. 

Body length : Female 4-4J mm. Wing : Female 4-5 mm. 

India : Branch of the River Sonar, where it crosses the Saugor-Damoli 
road at the 12th milestone, C.P. 

Three females were caught as duns at dusk on 1 1 . iii . 45. Day tem})erature^ 

85° F. Probably a dry season form. The duns have light grey wings. 

This species is recognized by the small size, unpigmented wmgs and th(» 
uniform yellow colouring without distinctive markings. Banks' (\ jmirhelhnt 
would appear very similar to this, tliough probably differing in having 2 3 
(cross veins) in the pterostigma, widely separated and two intercalaries behind 
median, cubitus and first anal.” mriegahtm (^hopra has cliaracteristic 
thoracic markings. 


Cloeon septimum sp. n. (fig. 21, abdomen). 

Female imago . — Head cream ; oeuli grey, ocelli whit(‘ ; antennae^ cream, basal segment 
\y ith a reddish chocolate spot on the inner apical ring, distal segment ringed a])ieall y with 
the same colour (as in C. bteohr). Thorax er€*am ; pronotum with faint I'ed markings, 
motanotum with mmimal red markings in the central ai-ea and a faint led lakTal dot. 
Abdomen (fig. 21) cream with a central dorsal cherry red band, fading away on tergites 
9-1 0 to a thin median line ; on tergites 2-8 this central band has three or five pale dots on 
each segment and along the lateral margins of each of these tergites is a disci ecjt red dash ; 
on tergites 3 and 0, and to a lesser extent on torgite 8, the (central band has broad lateral 
extensions ; along the lateral margins of each of tlie first seven sternites is a broad longi- 
tudinal red line, slanting a little outwards and backwards. Tails white, with dark rod 
joints, liOgs white ; fore femur reddish, mid and hind femora w'ith a rod subapical spot 
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on the inner surface. Proportions of hind tarsal joints, 63 : 26 : 12 : 23. Wings vitreous, 
C and So area virtually colourless but with the very faintest milky tinge ; base of radius 
and costal brace tinged with red, veins otherwise amber ; stigmatic area contains two to 
three cross veins. 

Bodj^ length : Female 4J mm. Wing : Female 5 mm. 

Malaya : Batu Pahat, Johore. 

The type female wan captured as a dun at night in a house on 114.iv.40. 
Paratypes, three spent females found on the surface of a tank in tin* same 



21 22 

Fios. 21-22. — Oineon siKH'ics. (21) (\ j^f'pfinnnn, alKlonion of 5 imago, dorsum. 
(22) jufia^ alxlomcn <>f 9 imago, d(»rsum. 


locality, on 27.vi.4(i. A specimen, possildy a variant of this species, was 
found in Bangkok in January. It differs in being darker and l)rowner in colour, 
in having femoral spots on the hind leg only, in the posterior margins of sternites 
1 5 being dark red lati^rally and the pattern on the tergites being less distinctive. 

This species is recognized by the absence of pigment in the wings, by the 
spots on the femora and by the characteristic markings on the abdomen, which 
distinguish it from other clear-winged species, though similar in this respect 
to C. bengalmise Kirnmins. C\ variegafum C'hopra has a characteristic* vari('gat-c*d 
pattern on the thorax. 



170 Mr. M. T. Gillies’ Notes on Some 

Cloeon julia sp. n. (fig. 22, abdomen). 

Female imago, — A small, rather delicate fly. Head : Vortex orange ; oculi black, 
rather prominent and squarish in lateral view ; ocelli white ; antennae white, basal and 
distal joints relatively longer and more slender than in the preceding species. Thorax 
generally cream ; pronotum reddish along the posterior margin ; mesonotum with two 
faint piramodian red lines ; anterior portion of metanotum with a central dark red band. 
Abdomen (tig. 22) white ; tergite 1 with a horizontal maroon lino on either side of the mid 
line ; on the lateral i)ortions of tergites 2, .3, .5 and 7 are j)at(dios of the same colour spreading 
round, on tergik' 7, to the mid line ; tergite 4 almost wholly blood red, the colour over- 
lap})iug in the mitl line onto tergite 3 ; small patches of the same (iolour dorsally on 5, (1 
and 7 ; aloirj: the lateral margins of tergites 2-8 is a thin intermittent maroon line ; ster- 
nitt\s unpigmented. Tails white. I^'gs white, foi*e femur with red Hj)ot at inner eiul, 
claws dusky. IVoportions of hind tarsal joints, 20 : 6 : 2 : 6. Wings rather luirrow, trans- 
lu(}ent ct)lourle8S ; veins colourless, except for the extreme base of radius and adjacent 
portion of costal brace, which are rod ; no marginal interoalaries l>ehind fimt cmbitnl 
inter8i)aoo ; stigmatie area (iontains one cross vem. 

Bodg ; Female 3J-4 mm. Wing : Female 4 mm. Tail : Female 0 mm, 

Malaya : Kluaiig, Johore. 

One female was caught at dusk on the surfatT of a little sandy river, six 
miles from Kluang along the Mersing road, on 9 . vii . 4(>. 

This species niiglit be placed in th<' genus Proclovon on the grounds of th(‘ 
relative hmgths of the hind tarsal joints. It was thought b(*ttcr, how(‘ver, to 
lcav(‘ the matter until further material was available. It is (uisily distingiiisht'd 
from other (dear-winged s|)(*ci(‘S l)y tin* pigmcuit on the abdonuui, which is 
maximal on tcTgite 4. and to a lesser extent on t(‘rgit(* 7, by the al)S(uic(' of 
markings on the hind and mid-femora and by the whit(‘ tails. 


ProcloeoH htmaculation (Eaton). 

This spe('ies has been r(qK)rt(Ml from a fairly wide anui by y>n‘vious authors, 
notably (Vylon. Eaton (1885) and Ihuigal. Kimmins (1947). It is jiossible that 
some of the reports of its occurrence in lndo-(diina, riava, Sumatra, th(‘ Philip 
pines and Formosa may refer to P, haroet/t Kimmins and further obs(‘rvations 
on this point are required. The nvm})}i attributc'd by riiu(*r (1939) to this 
species may also ]X)ssibly belong to P, harvetp. It is inkTesting to note his 
(h*seription of the gills as “ genau so gestaltet wie Ixd (7. snnilr Etn., ' sugg(‘st - 
ing that tlu'se tw(» specie's might 1 m' placed in f 7w>a, des])ite the ])roportions ol 
the hind tarsi in the imago. 

I hav(* typical specinums from Hangalore, Ib.xi.do, and Rangoon, 24 . xii .45. 


Proclaiata hanryi Kimmins. 

This syiecies a{)pean*d to l)e much commoner than P. himaralatum. S])ent 
females were found at dawm in a jungle pool at Hudni, Hhopal, on I4.iv.45. 
at Jhikargacha, W. Ikmgal, in July, at Poona in some numbers throughout 
August and Sey)tember, and males were caught dancing in tin* early morning 
at Mirik, N. Ikmgal, at 4(MM) ft. in September. Outside India, fcmiales and 
males were c aught in Bangkok in January, females y)robal)ly of this spetdes 
in Malacca and Hatu Pahat in Malaya, and one vtuy (tried f<*male in a cobweb 
at Fan Inng, in Hong Kong, on 15.iii.47. 
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Females of two clear-winged species, that might belong to this genus, were 
found in Central India, but they are not sui&ciently well preserved now to 
warrant description. 
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OBSERVATIONS ON THE SEASONAL AND DAILY INCIDENCE OF 
CERTAIN BITING MIDGES [CULKXJlDEfi LATREILLE— 
DIPTERA, CERATOPOGONIDAE) IN SCOTLAND. 

By Alec H. Parker. 

(Dejinrtfuent of ZooUjgy^ J'nivmily of Glasgow.)* 

Manuscript received 16th July, 1948. 

(Road 1st June, 1949.) 

With 2 Text-figures. 

Introduction. 

That biting midges of the genus Cnlicoidea Latreille are troublesome to 
man in most parts of Britain, and particularly so m Scotland, is well known. 
In this investigation, variations in the size and (•omj)osition of the Hying adult 
})opulation occurring within the day and year are described. To ol>tain this 
information a series of standard collections was made over the greater part 
of thc‘ 1947 midg(‘ s(*ason at a site m the vicinity of J^och Lomond. 

SeasonaL and, to a lesser extent, daily fluctuations in the incidence* of (^uh’ 
viiides adults have also b(‘en inv(‘stigate(l by Hill (1947), whose collections were 
niad(‘ in Lancashire. Hill's methods differed in c(‘rtain iinijortant respects 
from those used h<*rc. and will be discussed shortly. 8(‘asonal variations in the 
incidence of some American i'altvoidcs have been recorded by James (1912), 
again with a differ(‘nt inc'tliod ol ccdh‘ction. Among other reccuit observations 
thos(‘ of (’ami*ron, Downc's, iMorison and IVacock (liUd, 194S). based on collec- 
tions from many parts of Scotland, have proved of particular interest. 

Although dealing mainly with daily and seasonal fluctuations in the flying 
midge* pojnilation, this account inchules sections on tlie influence of weather 
(‘onditions on flying activity, and on the relative importance* as man-biters of 
tlie sp(*cie‘s enc'ountere*d. 

In iele'ntifving (^(divonlvs adults the spe‘e*ilic descriptions of Edw^ards (19J9) 
have* been followed. 


Method of Gou.EeTiON. 

In making standard e*ollections of (Udiandes adults, Janu*s (191J) used a 
light trap. Hill (1947) utilized the attraction e^xerted by a black cloth. The 
efficiency of both mt*thods seemed likely to vary w itli the light intensity of the 
emvironment : the attractivene\ss of a IJack cloth may \vell de*e‘rease, and that 
of a light tra]) incre*ase, as daylight fad(*s. If this is so, comjiarison of collec- 
tiems made at diffe*remt time's of (lay by eitlu'r method must give* a false impres- 
sion of the relative abundane'c of midge*s at the*se* times. A netting method, 
wffiich did not depend on an active ri'sponse* by the insect, w\as therefore adopted. 

* Now* at l)o]mrtiiu*ut of Zoology, University of >iottingham, 
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It coiisisted in the execution of 400 strokes by the collector at about five feet 
above ground level. Probably its chief drawback was the variations which 
doubtless occurred in length of stroke, though the collector, who was always the 
same person, endeavoured to reduce this source of error to a mininmim by 
standardizing his movements. 

Collections were made along two closely defined “ beats ” in the vicinity 
of the Biological Field Station of the University of Glasgow. This is situated 
at the southern end of Rossdhu, on the west banks of Loch Lomond. One of the 
beats (Site A) ran about 100 yards along the edge of the loch, where there was 
a gap of 20-50 yards between the water s edge and fringing vegetation ; the 
latter consisted of sparsely placed alder and ash, with rhododendron in the 
shrub layer, and bracken predominating in the herb layer. Site A itself was 
stony and almost devoid of plant life, though some decaying vegetable debris 
was cast up from the loch. The second beat (Site B) followed a stream running 
through fairly open woodland for about 100 yards. It was 100-200 yards 
from Site A. The vegetation at and around Site B consisted chiefly of oak, 
ash, and beech, in the tree layer, birdcherry and rhododendron in the shrub 
layer, with bracken agam dominating the herb layer. 

Each time a standard collection was made, 400 strokes with the net were 
executed, first at Site A, then at Site B. The midges captured were removed 
by means of an aspirator after the first set of strokes, and again after tlie second 
set, the two collections bemg kept separate. Each set of strok(\s, together with 
the subsequent removal of midges from the net, oc’cupied 5 10 minutes. 

The elimination of variations in weatluu* conditions proved very diilicult. 
As far as possible, c’ol lections were made on warm days when there was little 
or no wind. Sudden f*hang(*s frequently occurred, however, and many collec- 
tions had to be made under conditions which could not be so described. Weather 
conditions at the time of each collection were therefore recorded. 

In the account which follows, data are, for the most part, given separatidy 
for each species. The one exception to this concerns C. ob^olefus Meigen and 
related forms, a group comprising (\ obsoletus Meigen, (\ chiopterus Meigen, 
an<l, accordmg to the observations of J. A. Downes (unpublished data), two 
other species. All these forms are readily separable in the male, but not in 
the female. Adults of any of these species will therefore be alluded to as being 
of the C, obsoletus group. Under the heading of C\ puheans L. will be included 
individuals, both of tyjiical (\ pulicaris, and of C. puheans var. punctatus 
Meigen. 

Seasonal Variation, 

To determine variations in the flying midge population occurring during 
the ('ourse of a season at Rossdhu, collections were made at intervals from the 
beginning of Jime until almost the end of October, 1947. Flying Cuhooides 
adults were first observed in mid-May, but were present only in very small 
numbers during this month. By the end of October numbers had diminished 
almost to vanishing point. 

As will be shown in the next section, the time of day at which maximum 
numbers of adults were captured varied with sex and species. Hence, to com- 
pare the incidence of different sexes and species through the season, it was 
desirable to consider each at the particular time of day at which greatest 



181 


* Daily Inoidmce of Cmiain Biting Midges 

numbers were obtained. Even for a single sex and species, however, this time 
varied on different days. It has therefore been thought advisable to record, 
for each sex of each species, the highest number of adults captured in any single 
collection during the course of any given evening. This has been done in 
Table 1. Since collections were usually made at intervals of an hour or less, 
one, at least, was likely to have been made fairly near to the time at which 
each sex and species was in maximum flight. The figures shown in Table I 
can therefore reasonably be. regarded as an approximate index of relative 
abundance. 


Tablk I.-T/k? Seanorial hicidence of (julicoides Adulta at Rossdhn, as Indicated by the 
Greatest NmrAers of Each Hex of Each Species Obtained per Standard Collection 
on Different Evenings, 
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It will be noticed that in three species — C. impumtatus Goetghe]>iier, C, 
pallidieornis Kieffer and (\ hdiophilns Edwards- -a moderately well defined 
jH^ak in abundance o(‘curred and no adults were captured over niu(*h of the 
collecting period. The adult seasons of the first two were almost identical : 
both reached a maximum in early July, and both were obtained over approxi- 
mately the same period ( \ impunetatus from th(' beginning of June to the eiul 
of August, C, palUdicornis from early June to early September. The adult 
season of heliophilus ((‘arly June to late July) was rather shorter, and the 
peak (late June) a little earlier. C. obsoletns group and C. pnlmris adults 
were obtained in flmall numbcT-s from Jmie to October, and such numerical 
fluctuations as there were seem of doubtful significaiu'e. These species were 
also (japtured in mid-May ; no other members of the genus were captured 
before June. 

Since the species constituting the (\ obsoletns group were distinguishable in 
the male, an indication of the seasonal incidence of each was obtained by 
TRANS, tt, KNT. SOC. LOND. 100. PART 7. (OOT. 1949.) 9§ 
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noting their occurrence among the male population at different times of year. 
From collections made at Rossdhu and in Glasgow, it appeared that all four 
species were present both at the begimiing and the end of the adult midge 
season. 

As reference to Table I will show, the midge populations at Sites A and B 
displayed certain differences, the most consistent and well defined of which 
were that C. pdllidicornis was more abundant at Site B, and C, heliophilus more 
abundant at Site A. 

ft will also be seen from Table I that the male : female ratio of the adults 
captured varied greatly in different species. Percentage sex-ratios calculated 
from the totals given in Table I were, in fact, as follows : 

C, impunctatus (235 specimens), 94 per cent $: C, jHilHdicffrnis (1G()4), 
33 per (‘-ent $ ; 0, heliophilus (GG), 95 per cent C:: ; (\ obsolelus group (102), 
88 per cent $ ; C. pnlicaris (131), 14 j)er cent $. 

The spe(ues so far mentioned were the only ones obtained in moderate or 
large numbers at Rossdhu. Other species captured were C.fascipe7inis Staeger, 
C. Gumtans Wiimertz, (7. odibilis Austen, and C, grisescAms Edwards, but sinc^e 
not more than five individuals of any of these species were obtained during the 
whole season, little is to be gained from discussion of their times of capture*. 

Daily Variation. 

It was expected that fluctuations in the number of flying midges occurring 
within a single day would bear a fairly constant relationship to the times of 
simset and simrise. This was found to Ix^ so ; between Jime and ( Ictobc^r the 
relative lengths of day and night altered by several hours, but tlu^ evening 
flight always occurred at approximat(*ly the same time*, in relation to siinset. 

Three sets of collections, made in early July, late July, and late* August, 
were started in the early aftenioon, continued through the night, and on into 
the following nioming. For the* most part there wen*! hourly intervals between 
su(;c,essive (collections. Maximum numbers were invariably ol)tained between 
just over thrcie hours before, and one hour afto, sunset. During the night 
few or no midges were (iaptured, following which there was a slight increase 
at sunrise ; this morning flight was always on a very much smalh‘r scale* than 
that of the previous ev^eniiig. Shortly after sunrise, numbers again diminished 
almost or quite to vanishing point, and remained so until evening. These 
facts can be seen at a glance from fig. I, in which the r(*.sults of one of the sets 
of collections are plotted. (As will be seen shortly, the double (‘veiling ]X‘alc 
shown in this figure was due to the habits of C. pallidiv^orms, the most alnindant 
species at the time of collection.) 

So far, the daily incidence of all species and both sexes lias been considered 
collectively. In Table II the limits between which lay the times of collections 
yielding the greatest numbers of each sex and s{ (icies on diff(T(mt (‘venings are 
shown. The collections on which these data an* based were" made at frequent 
int(*rvals, Uvsually of one hour or less, and at both sites. Sometimes only on<‘ 
or two adults of a particular tyfie were captured during an entire evening, so 
that th(‘ times at whi(*h maximum numbers were captured are of little signifi- 
cance. Because of thic, tinu's of maximum flight bastxl only on sets of c.oll(‘c- 
tions in whicli the gr(*at(*st number cajituivd was at least five are also shown. 
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Daily hmdence of Oefiain Biting Midgea 

It will be noticed that maximum numbers were usually captured at or 
around sunset. To this there were two conspicuous exceptions C. lieliophilus 
females and C. pallidicornis males— both of which reached a maximum several 
hours earlier. Of species (uiptured in greatest numbers around sunset, the 
maxima showing least variation in time of occurrence were those of C. palli- 
dicornis females and C. pulicaris males ; when the maximum number caj)ture(l 
was not less than five, the peak for these species occurred at, or shortly after, 



Fig. 1. —The incidciu’c of ('ulkoides adults at Roasdhu, 9th-10th July, 1947. Unbrotpin 
liiu'S : Sit-e A ; sti]>])led limvs : Site B. 


Tablk 11. The Tinm of Maximum FUgU o/('ulieoides Adnltfi at liofisdhu, us hdjc<i\ed 
by the Tinm of Colle>ctions Yielding the (imitest N'umf>er}i oj Each Sex and Species 
on Different Evenings, 

Times arc expressed in relation to sunset : 
c.p. 0*00 sunset. 

-i 1. 00 - I hour after sunset. 

— 1.30 ~ I hour 30 min. before sunset. 

n =i.- Kuniber of sets of collections on which the figures are based . 


Species. 


V. impufirtatw 
C, pallidicontis 
(\ heliopkilw 
C. obsohtus grp 
C, ptUicaris 


All collectionH 

Females. Males. 

From. T(». n. Fmm. To. n. 

- 2 00-1 1-00 23 - 8-20 4-1'30 9 

-2*20 4 I'OO 18 - 5 00 - 0*30 21 

- r»-40 - 0*40 11 - 540 - 2*20 3 

- 5 00 -f 1*20 34 - 2*20 + 0*20 8 

-3*10 4-0*40 14 -l (K)4-l-00 23 


Collections comprising five or more adult.s 
Females. Mal es. 

From. To n. From. ’fo. n. 
-l-3()4-l*00 13 - — 0 

0*00 f 0*40 9 - 5*00 1*20 14 

- 5*40 - 2*00 4 — 0 

-MO 4 - 0*30 5 -- - 0 

— - 0 - 0*10 -h 1-00 10 
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sunset. The maxima of C. imptAnctatus females and C. obsol^m group femalei 
varied from shortly before to shortly after sunset, but it must be noted thai 
C, obsoletus group females were obtained only in small numbers. 

It is evident from Table II that males and females of C, pallidicorn'is- -th< 
only species of which both sexes were obtained in large numbers — behavec 
very differently. This difference is shown strikingly in fig. 2, in which th< 
numbers of males and females of this species captured during three complete 
sets of collections (i.e. on three different evenings) are plotted in full. A furthc 
point of interest concerning 0. pallidicoTnis males is that they were observec 
to be dancing in swarms. This phenomenon, which we have also observec 
in males of C. (jnsescens Edwards, appears to have Ix'en previously re{‘ordec 
for Culicoides only by Goetghebuer (1919), who observed it in males of C 
pulicaris. 
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Fto. 2.- -The incidence of C, jHiIJidicomis at Ro88(lhn on three different f‘venmg8. T^n 
broken lines ; females ; broken Hues : males. 

Influence of Weather Conditions. 

It has been mentioned that a (‘ertain degree of variation in tlie weatho] 
conditions under which collections were made was unavoidable. Sini'c con 
ditions prevailing at the time of each collection were re(*orded, it seemed thai 
information on their effect on the activity of flying midges might be obtainfxl 
The conditions recorded were temperature, humidity (measured by a whirling 
hygrometer), strength of wind, strength of rain, and light intensity (subjective 
estimates). 

Wind , — Wind had a very pronounced effect ; a sudden increase in iti 
stiength always resulted in an equally sudden diminution in the number o 
flying midges captured. Collections made during strong winds never yieldec 
any adults. 

Temperature - There was no apparent correlation between temperature anc 


IkMy ^ Geridin Bitifig Mid0» 

numbers captured, but since the effect of other weather conditions could rarely 
be eliminated, direct comparison of catches was seldom permissible. It may 
be noted that large numbers were captured at all temperatures from 10 20' C. 

IIunddUy.-TiheTG was no apparent correlation between either relative 
humidity or saturation deficiency and numbers captured. As with tempera- 
ture, directly comparable data were scarce. Laige numbers were ( aptured 
at relative humidities ranging from 60“ 95 per cent., and at saturation deficiencies 
of 0*5“6-() mm. 

Ram, “The few (*ollections made during soft rain yielded almost the same 
numbers of midges as otherwise comparable colle(‘tions made when rain was 
not falling. 

Light intensity. The light intensity at any given time relative to sunset 
varied from day to day, depending on the degree to which the sun was obscured 
by clouds. To test the effect of these variations on the time of maximum flight, 
the data in Table 11 were split up according to wheth(‘r the sun was 
visible (“ bright ”) or obscured by clouds (“ dull ”) at the time of collection. 
Table 111 shows the results of this procedure : only species of which fairly 
large numbers were cajitured, and only sets of collections m which the maximum 
number captured was at least five, have been considered. It will be noticed 
that the mean time of maximum flight was invariably earlier on dull than on 
bright' days. It is highly ])robal)le that so consistent a result is significant, 
though the degree of overlapping between the two sets of data, together witli 
the small numbers of collections on which they are based, makes confirmation 
desirable. 

Table III. The* Turns of Mat imiun Flight </('ulicoides Adults at Rossdhn on 
Dull and Bright Evenings, (us Indicated bi/fln^ Tuinsoj ColUrtion^ Yielding 
the (ircatest Nutnl/er^ of Each Sex and Species, 


Only inlio< turns < ompnsinp tivi »)i m<m* uUultH am iiuJuded. 'rmits ,iio oxpmsM’d in 
ndation t<» muiikoI (si*e labt* 11). n XumlK^i of M*ts of (ollfMtioiiR on >^Lich the figures are 
baficd. 
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Daring tin* ev'cnings on wlin h c<'lhMtions were made, the writei peiioduallv 
sat outside, exposing arms and lace, and, with the .ud of a mirror, ca])tuied all 
midges landing, (^omj)arison of (Udicoidis adults so captuied with those on 
tlie wing, as indicated bv^ standard liand-net collections made shortly befoie 
and afterwards, provided a rough means of comparing the degree, to whicli 
different species wi're attracted to man. The exposures wTre for 15 mmuttvs, 
and were' done either at Site A, or, more fiequently. at Site B. 

Table IV shows, for each of the sjiecies previously dealt with, the numbers 
attracted during five exjKisures. The exjK>sures sehn'ted for jireseiitation are 
those which yielded the greatest numbers of each species. (Some species wer^ 
attracted during few^er than fiv(' ex|)osures, and sev’^cral zeios therefoie appear 
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in the table.) Beside these figures are shown estimates of the numbers of adults 
whieh would have been obtained in standard hand-net eollections (i.e. of 400 
strokes) had they been made at the same time. Hand-net collections were 
often made imjnediately l>efore and after the exposure, in which case the figure' 
given is the mt'an of the two collections. At other times they were made up 
to an hour before or after exposure, and here the figure quoted is derived from 
a graph in which the results of the (*ollections were plotted. The data ref<'r 
exclusively to females ; males, so far as our observations go, are not attracted 
to man. 

Table IV shows (\ impunctatm females to have been very much more 
strongly attracted to man than any other species for whieh records were obtained . 
Among other species, no well defined differences of this nature were displayed. 


Table IV. -The Numbers of Female Culicoides Attraded to Man During 15- 
mioufe Exposures (Utxnpared with the Estinuited Numbers of Flying 
Fexnales per Standard Collection, 
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Daily Incidence of Certain Biting Midges 

It may be mentioned that two species of which previous human biting 
records are rare have been observed biting in large numbers. One is C.grisescens 
Edwards, observed to attack man at Auchterawe, Invernesshire, in September, 
and the other, C, halophilus Kieffer, which in July was an intolerable pest at 
Arrochar, Dumbartonshire. 


Discussion. 

It is interesting to compare the Rossdliu collections with collections made 
elsewhere in Britain. Those of Cameron et al. (1946, 1948) were madi* over 
many parts of Scotland, chiefly by the use of a hand-net. The collections of 
Hill (1947) were more systematic, and were made at a site in ICnowsIey Park, 
Lancashire. Hill collected on still evenings at fairly regular intervals from the 
end of March to the beginning of November, 1945. Her method was to capture 
all Culicoides adults alighting on a })lack cloth between two and one hours 
before sunset. Males were not attracted, and no data on their incidence are 
given. 

Hill obtained C. impuncfatus from the beginning of May until early August, 
obsiU’ving a peak in June. This is rather earlier than the times recorded at 
Rossdhu. Th<* difference may have been due partly to the exceptionally pro- 
hmged cold spell of early 1947, but since (\ameron el aL (1946) record the 
1945 C. nnpundatns si^ason in Scotland as having been roughly identical with 
that ol)serv(‘(l at liossdhu in 1947, the difference is probably more an expression 
of a giuieral tendency for times of emergence to be later in northern than in 
mon* southern parts of Jiritain. 

As at Rossdhu, Hill observ(»d (\ (phsoletns adults to be present through tln^ 
(uitire midge season. She foimd two definite ])eaks in abundance, and from 
this, and from evidence based on th(‘ emergenc(» of adults in ca])tivity, con- 
siders that (\ obsolclus passes through two generations ])er annum. Kdw^aids 
(1959) and Camerou d aJ. (1948) have expressed the same view. There is litth* 
indication of a double peak in adult abundance from the Bossdhu i*ollections. 
but numbers ca])tured here were at all times small. 

(\ pallidimrnis occurred only in very small numbers in Hill's (‘ollections. 
(exclusively betwe(m mid-Jun(‘ and mui-.luly, i.e. slightly earlier than, but 
overlapping into, the time at which maximum numbers of this specit*s wiut* 
(‘a])tured at Rossdhu. (\ pHliraris was obtain(‘d only oikh* — in Sept(unb(‘r-- 
but Ch)(d;ghebuer (1919) sta-tes that this speen^s is found in Belgium from spring 
to autumn, thus indicating a prolonged adult season similar to that obsiu'ved 
at Rossdhu. The same author s statement that (\ jmhcarts jiasses through 
several generations ]>(»r annum ri'ceives no su]i])ort from the findings at Rossdhu. 
but numbers obtained h(*re were small. Hill did not obtain (’. heliophilous, but 
('ameron ef al. (1948) state this species to be a vigorous biter in late June," 
the time at which the peak occurred at Rossdhu. ('ameron et al. also state 
that C. heliopidhis probably ])ass(‘s through two generations ])(‘r annum. The 
Rossdhu collections give no indication ol this : (\ heliophilus adults went* 
obtained only in Juiu' an<l July, and during this time reached a singh', w(dl 
defined, peak. 

Judging from the collections of fameron et al. (1946), the (ommoni'si 
si>(H*ies of Culicoides over most of Scotland is C. iiupimelatas ; the ])r(‘domina nee 
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of C. palUdicornis at Rossdhu appears to be exceptional. Excluding C. palli- 
dicornis, the relative abundance of the diflerent species captured at Rossdhu 
seems to liave been roughly equivalent to their relative abundance over much 
of Scotland, though (\ grisescem and C. fascipefinifi are apparently very much 
more abundant in many localities. 

The explanation for the abnormal sex-ratio of most species captured at 
Rossdhu is not known, but the following observations an* relevant : (a) Cameron 
et al. (1946), while normally obtaining a preponderance of females in collections 
of C. }tnpu>}ctatu^\ occasionally captured males and females in approximately 
equal numbers ; (6) Hill (1947) found the proportions of males and females 
of impunrtatus emerging from pupae obtained in the field to be roughly the 
same , (0 ^ • ohaolelus group adults observed resting on trees consisted of males 
and females in approximately equal numbers. Thus it seems likely, as Cameron 
et al. suggest for (\ impanctatuSy that males of this species and the C. ohsoletus 
group have some unrecognized habit which makes them difficult to collect 
l)y the methods usually employed.” Such a habit might be a tendency to 
rest among the vegetation rather than engage in flight, or to fly at higher levels 
than those explored by the hand-net. Similar habits might account for the 
scarcity of (\ hehophiluft males and C. pnhcans females. 

The tendency for (^ulicoide.^ females of most 8pe(*ies to be present in greatc'st 
numbers in colh'ctions made at or around simset was consistent with the well- 
known fact that biting is worst at this time. Numbers were also expt^cted to 
fall off during the night, though in view of Edwards’ (19)^9) statement that 
biting continues throughout the night in sultry weather, th(' extent to which 
they did so was surprising. The wide difference between numbers ca])tured at 
sunset and sunrise was also unexpected. Theie was no obvious difference in 
weather conditions to account for it, though each time it was slightly colder 
at sunrise' than at sunset. Hill (1947), who also made a collection at sunrisf', 
similarly obtaiiu'd small numlH'rs in comparison with those she was obtaining 
during evening collections. Thus the generalization that the* morning flight 
is normally on a smaller scale than the evening flight sf'enis justified. 

The few continuous (‘ollections, extending ov(»r several hours, made by 
Hill, gave results not at first sight consistent with those prescuitf'd here. As at 
Rossdhu, ])ractically no (\ unpaveUftm or (\ obsol^tus group females were 
obtained in full daylight, but the size of her cat(*hes increased only up to half 
an hour before sunsc't. After this there was a fairly steep drop. It seems 
likely that this drop was a result of the collecting techniciue employed, rather 
than of a decline in the number of flying midges. As Hill fK)ints out, the attrai*- 
tion exerted by a black cloth may well diminish as light fades. 

C. hehophilm females differed from females <d oth(*r species obtaiiu'd at 
Rossdhu in having been captured in greatest numbers sev('ral hours Ix'fore 
sunset. The daytime activity of this sjK'cies has previously been noted by 
Edwards (1939), who nanu'd it accxirdingly. Apparently (\ Mfophllun is not 
the only J^ritish sj)ecies in which the female behaves in this way ; Steward 
(1933) obs('rved that females of (\ nubeculosus Meigen bit in greatest numbers 
around mid-day. 

It is difficult to inuhTstand what advantage the several hours difference 
betw(*en the times of maximum incidenc<' of males and females of C. pallidi- 
coniib can conb'r on tlie speci<»s. It is ('onceivable that tlie time of maximum 
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incidence of the females is associated with the availability of their hosts — 
possibly crepuscular mamlmals. The male swarms, on the other hand, are 
probably directed towards mating, which may involve a visual mechanism, 
and require a certain light intensity for its effective performance. But until 
more evidence is available such suggestions must remain conjectural. 

The pronounced effect of wind upon the activity of Cnlicoides adults ob- 
served at Rossdhu is corroborated by several authors. It has been noted by 
Bequaert (1924), Painter (1926) and Myers (1935), in the West Indies, and by 
Hill (1947) at l^owslcy. It has several times been either stated or implied 
that a moderately high temperature is necessary ior the attainment of maximum 
flying activity, one of the most definite pronouncements being that of Myers 
(1935), who says ‘‘ for full activity, C.furem apparently needs about 80"^ F.” 
No experimental evidence is given in sup|)ort of this statement, and it seems 
that the influence of temperature on the activity of Cnlicoides adults has yet 
to be demonstrated. No reference to the effect of humidity differences on 
activity has been found, but the observation that gentle rain had no obvious 
effect on numbers captured is corrolx>rated by Hill (1947), who says ‘‘ drizzling 
rain does not deter the activities of C. impunctatusy 

It has been shown that the evening and morning flights of Cnlicoides adults 
regularly recur at approximately the same times in relation to sunset and 
sunrise. It may be that some internal rhythm is involved in this recurrence, 
but it is difficult to see how it can by itself be responsible for such behaviour 
when the relative lengths of day and night are continually changing. Of the 
variables measured, only light intensity was related to numbers captured at 
all times of day in a way suggesting that it served as an operative stimulus. 
That it did so is borne out by the observed tendency for the evening flight to 
occur earlier on darker than on lighter evenings. 

That C. impunctalus is ex(jeptionally strongly attracted to man is corro- 
borated by l)oth Cameron e( al. (194G) and Hill (1947). C. pallidicornis, C. 
heliophilns, C, pulicnris and the C, obsoletm group, of which smaller numbers 
were attracted at Rossdhu, have all at some time, as Edwards (1939) relates, 
been described as troublesome pests. 

Summary. 

Systematic collections, made with a hand-net at a site on the shore of Loch 
Lomond, showed the seasonal incidence of species obtained in moderate or 
large numbers to be as follows : 0. imjmnctaius, June- August (fK^ak period, 
July) ; C. pallid wor 7 iis, June-September (July) : C\ heliophlus, June-July 
(late June) ; C. jndwaris, C. obsoletfis group, May- October (no well defined 
peaks). 

The sex-ratios of these species were always unequal ; in some species females 
were the more numerous sex, in others, males. Only C. pallidicornis yielded 
large numbers of both sexes. 

Cnlicoides adults were obtained in greatest numbers during the evening. 
Apart from a small increase at sunrise, they' were almost completely absent at 
other times. The evening peak of C. pallidicornis $, (7. impnnetatus C. 
obsoletits group $, and C. pnlicaris cJ, was around sunset, that of C. pallidicorms 
<J and C. heliophilns 9 several hours earlier. 
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The number of adults captured was very much affected by wind strength^ 
but the temperature and humidity differences encountered had no apparent 
effect. The time of evening flight, relative to sunset, tended to be earlier on 
darker than on lighter evenings, 

A series of exposures showed that C. impunctatus females were much more 
strongly attracted to man than females of the other species mentioned above. 

The observations made are discussed in relation to those of other investi- 
gators. 
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Introduction. 

In publishing this paper I wish to record my thanks to Professor Clarence 
E. Mickel, of the University of Minnesota, for encouragement to continue 
my investigations, and to the following for the loan of numerous specimens : 
Dr. J. van der Vecht, Instituut voor Plantenziekten, Buitenzorg, Java ; Dr. 
J. G. Betrem, Malang, Java ; Dr. M. A. Lieftinck, Director, Zoologisch Museum, 
Buitenzorg, Java ; the late Mr. H. M. Pendlebury, Director, F.M.S. Museums, 
Kuala Lumpur, Federated Malay States ; Professor Dr. Oscar de Beaux, 
Director, Museo Civico di Storia Katurale, “ Giacomo Doria,” Genoa, Italy ; 
the authorities of the Leyden Museum ; and the authorities of the British 
Museum (Natural History). 

For testing my keys I am indebted to the late Mr. H. M. Pendlebury, 
Mr. N. C. E. Miller, previously entomologist in the Department of Agriculture, 
Kuala Lumpur, Federated Malay States, and to Mr. M. W. F. Tweedie, Director 
Baffles Museum, Singapore. 

The species herein recorded or described form only a very small part of 
the collections which have been so generously sent to me for examination. 
The vast bulk of the material is composed of species, mostly of Trogaspidia 
and Smicromyrme, which are undescribed, difficult to separate, and even more 
difficult to fit into a logical and simple key. 

It will be realized that the time required for a critical survey of some 
thousands of specimens, most of them, as already indicated, Ixdonging to 
undoscribed species, is great, and'as the time at my disposal is limited, it is 
likely to be some years before the material can be properly worked out. I 
have, therefore, thought it better to publish the results of my investigations 
in a series of short papers, to avoid confusion over specimens already bearing 
determination labels and returned to individuals or institutions, rather than 
to wait until 1 can publish a complete survey of all the known species of the 
Malaysian region. In the event this has not proved possible, for the Pacific 
War prevented publication, and many types and paratypes had already been 
returned to the collections whence they came. 

In this paper I have added three new subspeiues to the phihppincnsis 
group of Timulla (subgenus Trogaspidw), and have also described the hmiale 
of T. (T.) pkdippinmsis sunda Mickel. The species 1\ (T.) erato Mickel, 
previously considered to bo uniejue in the possession of a spatulate c‘alcar 
on the anterior tibia, is now foimd to belong to a group of species which exhibit 
both this character and the peculiar form of the median area of the clypeus 
described by Mickel. I have termed this the erato group and have divided it 
into two distinct sub-groups : that with a single carina on the antennal scape 
beneath, and that with the scape bicarinate beneath. I have considered 
the representatives as specifically distinct, though some are very closely 
related, as shown by the similarity in the male genitalia, but differences in 
the pubescent markings are considerable. 

I have made T. (T.) ory%m Pagden a subspecies of amam (Andr4). I 
can find no differences in the male genitalia of these insects, nor is there any 
difference in structure, though there are small differences in sculpture and 
pubescence. 
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In the genus Smicromyrme the male of decora (Smith) is described for the 
first time. Some biological notes on this insect will be found in 1934, 
J , F,M,S, Mus, 17 : 4G5. Smicrornyrrne athalia is a new species. The asso- 
ciation of the sexes is not entirely certain and is based on the occurrence 
of males and females at the same time and in the same locality, even to 
being taken on the same shrub, on several occasions. 

Records and redescriptions of certain other species are included. 

As regards the keys to the subspecies of philippinensis and to the erato 
group, I have endeavoured to use only such characters as are readily appreci- 
ated and obvious. When in their final form these keys were successfully 
used for the separation of the material on which they were based, after sub- 
stituting numbers for the names, by some of my colleagues who have no 
specialized knowledge of the Mutillidae. 

When the Pacific War started, the author was mobilized with the Malayan 
Volunteer Air Force, and on the fall of Singapore the manuscript was written 
off as a loss. Two friends, however, preserved both the original and the 
carbon copy. The original was in the Selangor Museum, awaiting publication 
and, after many vicissitudes, was returned to me by Enche Bachik bin Mohamecl 
Tahir, the clerk and caretaker. The carbon copy was rescued by my assistant 
and friend, Enche Kamarudin bin Bahar, of the Department of Agriculture, 
who found it among some 130(1 papers on Hymenoptera lying on the floor in 
the Department. Both original and carbon were returned to me early in 
November, 1945. 1 take this opportmiity of recording my deep gratitude 
to both the friends mentioned above. 


Methocidab. 

Methxia Latreille. 

In an earlier paper, 1934, J ,F,M,S,Mus, 17 : 454, I followed Andre 
(1903, Genera InseA^torum 11) and included Meihoca in the Mutillidae, but 
I fetil that there is little doubt that it should be placed in a separate family, 
as has been done by several authors. I cannot subscribe to the view that 
it should be ineduded in the Thynnidae, a family confined, with the single 
exception of California, to Australia, Tasmania, and New Zealand including 
the Pacific Islands, and South America. Apart from the fact that Methcca 
does not occur in Australia and the Thynnidae, unless we include Methoca, 
do not occur in Europe, N. America and Vfrica, the structure of Methoca 
is so different from that of the Thynnidae that there seems no valid reason 
even to consider it as a candidate for admission to that family. Similarly, 
on morphological grounds, it seems desirable to remove it from the Mutil- 
LLDAE. 

In Malaya there are four known speedes of Methoca, two of them described 
for the first time in tliis paper. Each of these is based on a single female 
only, but they are so different from the other Malayan species known in that 
sex, M, violaccipennis (^ameron, that I feel that their occurrence should be 
placed on record. 

The Malayan species of Methoca are easily separable by means of the 
following key : 

TRANS. R, ENT. SOC. LOND. 100. PART. 8. (OCT. 1949). 
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Key to the Malayan species of Methoca, 

Females. 

1 . Head, viewed from above in the plane of the ocelli, concave between the 

eyes, without facial protuberances, strongly receding behind the eyes 

penthesilea sp. n. 

Head not as above 2. 

2. Frons acutely bi-tuberculate above the line of antennal insertion, 

longitudinally micro-rugulose. Thorax with only the scutellum of the 
meaonotum convex. Eyes pubescent . . . violaceipennis (^lameron. 



I 



2 


Fias. 1-2.“- (1) Side view of thorax of Methoca viola reipejinis Cameron, (-) I^orsal 
view of head of M, viokLceipemnis Cameron, 9- 


Frons swollen medially above the antennae, bi-tumescent, but not bi- 
tuberculate, polished and shining, with scatt(;red puii(;tures. Scutum 
and scutellum of mesonotum convex. Eyes glabrous . . malayana sp. n. 

Males. 

Clypeiis, viewed laterally, with a strong, spinose tubercle at the base. 

Propodeon strongly reticulate elypeata Pagden 

Clypeus, viewed laterally, at most with a median, carinate elevation. 

Propodeon rugulose, feebly reticulate basally . violaceipennis Cameron. 
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Methoca malayana Hp. n. 

Hoad and abdomen, except the basal and apical abdominal segments, l>lack ; thorax 
ferruginous ; last six segments of antennae pieeous, tlie scajKJ pedicel and four basal 
tiagellar segments ferruginous ; mandibles castaneous ; legs mainly dark, except the 
(5oxao, ferruginous ; head, thorax and alKlomen with scatterfjd, erect, pieeous setae which 
are mainly disposed dorsally, genao and gular region of head, underside of thorax and 
abdomen, and the legs, with sparse, fine, jmle pubescence. Frons above the antennae 
swollen, bitumoscent ; clypeus with a median, polished tumescence, the distal half sub- 
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Flos. II 4. — (*^) ‘^^de vle^^ of thorax of Mithoca imthvjami sp. n., $ ; (4) Dorsal view of head 

of M, malayana sp. n., 

iiit.ent, tra.nsv(UHt4y mici’o-striab', anterior margin transvei'se ; mandibles castaneous, 
pictM>UHat the base (externally, with a well-devtdoiH'd keel on the face extending from the 
base to the ])r('-aj)ical tooth. First torgite with a latero-dorsal (iastaneous suffusion ; first 
Htiu-nite ferruginous on apical half. 

LerigUi : 7 mm. 

Ilextd black, highly jiolished, with moderate, remote, ])iliferous punctures, which are 
smalUu’ and closer on the genae and gula, where they bear jmUs <‘rcc.t pubescence as opposed 
to pieeous setae on the frons, vertex and occiput ; frons swollen medially above the antennae 
the swelling roundly bitunu^si^ent, concave between the tumescence and the eye-margins ; 
clypeus polished and shining on the basal half, which has a median, longitudinal tumescent 
area, most prominent distally, the distal portion of the clypeus subnitont, transversely 
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microstriate, the jiiiictioii of the two areas sharply defined and bearing a row of small, 
setiferous punctures, the setae long and sub-erect ; ocelli is an iso8(;eles triangle, widest 
at the base, each ocellus situated on the inner slo|>e of a slight dejiression, so that their 
axes are divergent ; distance of lateral ocelli from eye-margins 1*6 times their distance 
from each other ; mandibles dark castaneous, piceous bcmeath and at the base externally, 
with a well-developed pre-apical tooth and a keel on the face extending from the base to 
the inner border of the tooth, shining and with elongate, rather deep, setiferous punctures 
except apically ; antennal scape, jiedicel and first three flagellar segments ferruginous, 
fourth flagellar segment somewhat darker, apices of flagellar st^gments narrowly piceous, 
fifth to tenth flagellar segments whoUy piceous, the whole flagellum with cinereous micro- 
pubescence. Eyes glabrous. Relative widths of head, pronotum and second abdominal 
segment 1*45 : 1 ; 1-37. 

Thorax bright ferruginous, polished and shining, with scattered, ei’ect, piceous setae 
donsally and short, pale pubescence laterally and ventrally ; j)ix)notum with a median, 
longitudinal furrow extending from the anterior margin of the dorsum for about one-half, 
with remote, feeble punctures dorsally, impunctate laterally, the nock transversely rugu- 
lose ; proopistenium with fine, moderately close i)unctui *08 and short, pale pile ; scutum 
of mesothorax convex, slightly darker than the rest of the thorax, with a few scjattered 
punctures and erect, piceous setae ; scutellum strongly convex, nearly impunctate ; moso- 
pleuron polished and shining, with a few scattered j)unctui*os on the anterior half, the 
jxisterior portion obliquely striate, spiracle ochreous ; pro}x>deon polished and shining, with 
a few, small, scattered puncturt^s and erect, piceous setae. 

Legs. — Coxae ferruginous, clothed with fine, pale pula>8cene(‘ ; anterior trochanttu*a 
jHceous, intermediate and ixisterior trochantera (castaneous ; femora black above and 
posteriorly, suflused with castaneous at the base anteriorly and iM'iu'ath, (clothed with 8]>ars(‘, 
erect, pale pubescemce ; internal face (3f jxisterior femora sinuate ; anterior tibiae bla(ck, 
except the extreme base and apex castaiucous, calcar Uiti'ous ; intermediate and posterior 
tibiae piceous, castaneous at base and apex, (calcaria jcale, tibia! 8])inc‘a fii8co-t(*sta(ceous, 
sparsely clothed with erect and decumbent, pale jiulxcscmKce ; tarsi fusco-kcstaceous ; 
(daws with a basal tooth. 

Abdomen black, except a dark castaneous suffusion on either side of the d(»rsum of 
the first torgite, the first sternite, which is ferruginous on thi*. api(;Hl half, and th(» apex 
of the last segment dark castaneous ; the vs hole abdonuui jxilished and shining, with scattered, 
remote, shallow puiuitures and sparse, erect, piceous setae dorsally and laterally ; sternites 
with the punctures tending to a transverse arrangenumt, clothed with sjwii-se, })ale pulx^- 
cence, moie dense on the first and second ; last sternite with small, confluent jnmcturos 
ventrally and laterally. 

Holotype.— Malaya: Selangor, Kuala Sleh (No. 0714), Id. xi 1946 
(//. T. Pagden). In author's collection. 

Methoca penthesilea* sp. n. 

?. Black, exc(q)t the antennae and legs more or less, the mandibles, last k^rgite and last 
two sternites of the abdonum entirely, ferruginous ; clothed with si)ar8e, ere(?t, piceous 
pubescience and sparse, d(’cumbcnt, j>al(i, glittciing pub('scen(*e. Erous above the 
antennae entirely simple; (jheeks strongly receding behind the eyes; clyjKuis slightly 
swollen medially, simple, the margin nearly transverse, the surface feebly punctate; 
ocelli in ati isoscok^s triangle, nearly equilateral, narrowest at the bast^ ; mandibles 
with a strong keel on the face, the keel terminating in a strong, i)re-a})ical teoth on 
the inner margin. The whole insect jX)liHhod and shining. Length 5 mm. 

H ead black, j>olished and shining, with fine, remote, piliferous punctures on the vertex, 
occiput and genae, and with a few, scattered, coarser punctures, interspersed with very 

* Penthesilea, a Queen of the Amazons. 
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fine punctures, on the frons medially ; frons shallowly, transversely concave, strongly 
receding towards the antennal insertions ; median area of clypeus evenly swollen, with 
fine, close punctures on the distal half, the proximal half glabrous and subnitent medially, 
the margin very feebly emarginate, almost transverse, the lateral angles rounded, obtuse, 
the lateral margin receding and feebly emarginate ; eyes strongly diverging towards the 
base of the mandibles, clothed with short, sparse, erect, pale pubescen(*e ; ocelli in an 
isosoceles triangle, nearly equilateral, narrowest at the base, distance of posterior ocelli 
from the eyes about equal to their distance from each other ; mandibles ferruginous, with 
a strong, acute, pre-apical tooth on their inner margin, the face with a strong keel, extend- 
ing from the base to the inner margin of the pre-apical tooth ; 8cai)e piceous, the a^jex 
dark ferruginous, dull and micro-punctate beneath ; pedicel distinctly feiTuginous ; base of 
first flagellar segment ferruginous, the rest of the first, the whole of the secemd, third and 
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Fins, f) -b. — (o) Side view of thorax of Methoca pevthesilea sp. n., 9 : (b) Dorsal vi(*\\ of head, 

of M. petitheaUen sp. n., 9- 


fourth, and the basal half of tlie fifth, dark castaneous, remaining flagellar segments black ; 
anteniuw* clothed itii moderately dense, fine, cinert'ous pubescence ; vertex and frons above 
clothed with spai*s(», erect, fuscous })ubescence ; lower half of inner eye margins with a line 
of fine, decumlxMit, silvery jiubosceiice ; mandibles with moderate, 8ub-ere(‘t, jiale pul>es- 
cenoe ; genae and head beneath with sparse. sub-ercM't, silvery piihos(‘ence. Relative 
widths of head, proiiotum and second tergite 1-5: 1*0; 1-4 (micrometer readings 3*7 : 2*5 : 
3-5). 

Thorax black, polished and shining, clothed dorsally with shoi-t, sparse, erect, pi(»eous 
pubescence, laterally with finti, sub-erect, silvery jmbescence ; dorsum of thorax with a 
few, fine, scatkired punctures ; neck of prothoi-ax finely shagreoned ankniorly, with a 
transverse row of foveae, sejiaraknl by short costae, jiosteriorly ; anterior constriction of 
mesothorax medially longitudinally keeled in the anterior two-thirds, with a few foveae 
along the anterior margin ; scmteilum distinctly defined, gibbous ; anterior coiLstriction 
of metanotum with a transverse row of foveae, separated by short costae ; (*oxae black, 
TRANS. R. KNT. SOC. LOND. 100. PART 8. (ocT. 1949). !()§§ 
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olothod with line silvery pubescence ; trochantera ferruginous ; anterior femora blacky 
intermediate and {losterior femora piceous above, all the femom ferruginous beneath ; 
anterior tibiae piceous externally, ferruginous on their inner surface, which is densely 
micropunctate ; intermediate and postenor tibiae dark fuscous basally, piceous above 
and ferruginous beneath, medially and apically ; tarsi ferruginous, the claw joint piceous, 
claws bifid, ferruginous, the tarsi clothed with fine, tawny pubescence ; calcaria pale 
ferruginous. 

Abdomm, black, except the last tergite and the last two sternites translucent, clear 
ferruginous, polished and shining ; clothed with very sparse, erect and sub-erect, pale 
glittering pubescence, that on the sternites tending to form thin, apical fringes ; tergites 
with scattered, very sparse, fine, piliferous punctures, and exceedingly minute, scattered, 
sirniile jiunctures ; first sternite dull, finely rugulose on tlie basal half, the apical half and 
the remaining sternites polished and shining with minute, sparse punctures, which 
tend to bo closer towards the apical margins, but are nowhere close ; punctures on fifth 
sternite rather more dense and regular ; last sternite almost impunctate ; sting sheath 
black, clearly visible through the last segment. 

Holotype. — $, Federated Mai^ay States : Selangor, Serdang, Central 
Experiment Station of Department of Agricultui’e, among Capsimm in 
nui'sery (No. 0422), 13.xii.l937 {//. T. Pagden), In authors collection. 

After capture the specimen was kept alive for a few days in the hope of 
being able to breed from it, but no (^icindelid larvae of any species could be 
found. During its period of caj)tivity it lost the last two segments of the 
left antenna and the last four segments of the right antenna, also the claws 
of the left intermediate leg. It is possible that it was attacked by small ants, 
which gained entry to the cage, and no other explanation of this mutilation 
seems possible. 

Apart from colour, which is not in itself a criterion, this species differs 
from tnolaceipennis Cameron in the simple cl 3 q>eus, there being no median 
tubercle, in lacking tubercles and longitudinal rugulosities on the frons, in 
having the ocelli comparatively larger and much more widely spac(‘d, and 
the inner tooth on the mandibles more strongly developed. In the thorax 
the neck of the prothorax is finely shagreened, not transversely strigose, 
anteriorly, and there are no tubercles on the mesostemum in front of the 
intermediate coxae. 


Mutillidae. 

TimuUa Ashmead. 

Subgenus Trogaspidia Ashmead. 

The erato Group. 

The members of this group are all characterized by the spatulate calcar 
of the anterior tibiae and by the remarkable form of the clypeus, which has 
the lateral angles of the median area strongly elevated. 

In the males the scutellum is evenly rounded, not at all gilibous, and the 
hypopygium bears incipient ridges or elongiite tubercles. 

In the majority of Oriental Trogasfddia which have an evenly rounded 
scutellum the h 3 rpopygium is simple, without any sign of tubercles or ridges, 
so that in this respect the males of the erato group are intermediate between 
those* with a gibbous scutellum and h)^opygial ridges and those with evenly- 
rounded scut(*llum and simple hypopygium. 
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The female of only one of the six known species has been discovered and 
is described in this paper. 

The distribution of the group, as at present known, is Assam, Burma, 
Siam, Malaya, Java and Borneo, the species occurring as under : 

Timulla (Trogaspidia) stephani (Magrctti), Burma. 

(T.) sceva (Cameron), Burma and Assam. 

T, (1\) mickeli sp. n., Siam and Malaya. 

T. {T.) erato Mickel, Borneo. 

jT. (T.) fiflene sp. n., Java. 

T. (T.) sondaica sp. n., Java. 

Mickel (1935) was the first to ])oint out the peculiar characters of the group 
when he described eralo, Magretti described sfephani in 1892, Imt, although 
he remarked on the unusual form of the second abdominal torgite, he made 
no mention of the other peculiarities referred to above. Bingham (1897, 
Fauna of British India, Hymenoptera 1 : 43 and 44) mentions and figures 
an insect which has some resemblance to stephani under that name, but this 
is, I think, a specimen of smm ((himeron). The description given by Bingham 
is a .straight translation of Magretti ’s original descri])tion in Latin of stephani. 

The name seem ((Vimeron) has for long Irhui a puzzle to me. It does not 
appear in Dalle Torre, CataloguH Jlyinenopterorum (1897), nor in Andre, 
(lenera Inseotonm (1903). A careful search of all ('ameron's published papers 
which w'ere known to me failed discover a description of this species and, 
eventually, I described the sjiecies, keeping Cameron’s name, and selected a 
liolotype from among the material in the British Museum (Natural History) 
and mad(» the other specimens th(‘re, and that in the Rothne)’^ collection at 
Oxford, paratypes. Just before publication of this })aper I fortunately 
discovered Cameron's descri])tioii of sceva (1904, Zeitschnft fiir s if sfemat inches 
llyrmnopterologic und Dtpterologie 4 : fi). In this paper (Desenpfions of 
Neiv (Henera and Species of Hymenoptera from India) Cameron states that the 
typ(‘ is in the Rothney collection. As (^am(‘ron lalielled several specimens 
as type, the sp('cinieii in the Jtothney collection must now' be designated the 
lectotype. 

In this paper 1 reprodu(*e Cameron’s original description and add thereto 
my own. 

E.v;c<*pt for erato all the sfHvies in this group ajipear to be hill insects. 

Ivey to the species of the erato Group. 


Males. 

1. Scape of antennae with a single distinct carina beneath .... 2. 

Scape of antennae bicarinate beneath 3. 


2. Median area of clypeus with the elevations in the form of a flattened 

demi-lunt*, the margin abruptly and deej)ly notcdunl selcne sp. n. (p. 200). 
Median area of clypeus with the elevations distinctly convex, but with 
a small, flattened, lunate area distally, the margin deeply, but not 
abru})tly notched erato Mickel (p. 2(X)). 

3. Abdomen wdth one or more fa.scioe of pale pubescence 4. 

Abdomen without fasciae ; lateral ele\atious of median area of clypeus 

distinctly divergent and truncate distally . . sondaica sp. u. (p. 208). 
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4. Abdomen with two fasciae of golden pubescence, narrowed medially, 

that on tergite 3 more dense than on tergite 4. Abdominal segments 
1““4 with sparse, erect, pale pubescence . . stephani (Magretti) (p. 204). 

Abdomen with a single fascia of pale pubescence on tergite 3 . , . 5. 

5. Abdominal segments 1-5 with sparse, erect, pale pubescence ; fascia on 

tergite 3 not dense, interrupted medially . . sceva (Cameron) (p. 205). 

Abdominal segments 1-3 with sparse, erect, pale pubescence ; fascia 

on tergite 3 dense, narrowed medially .... mickeli sp. u. (p. 201). 

Timulla (Trogaspidia) erato Mickel. 

Mutilla ira Cameron, 1902, J. Straits Br. H. Asiat. Sac, 87 : 74, d (in part). 

Timulla (Tnnjaspidia) erato Miokol, 1935, Tram, R. eyit. Soc, I^nd. 83 : 241, 

Holotype. — (J Borneo : Sandakan (Baker), In United States National 
Museum. 

1 have not seen the holotype but have examined several paratypes. The 
species is so far recorded only from British North Borneo and Sarawak. 

Timulla (Trogaspidia) selene sp. n. 

A speedes of the erato group and closely related to that speei(\s from whicli 
it differs principally in the elypeus, whieli has the elevations l)roadly flattened 
and punctate, their outer margins acute, the median (nnargination dee]) and 
narrow . 

(J. Head, thorax and last four abdominal segments black, first t hreo abdominal segments, 
except the first sternite, ferruginous, tlie first steniite larg(‘ly black ; scape with a single 
distinct oarina l)oncath ; first and second flagellar segments sulKHpjal ; hyj>o})ygium with 
a pair of median, basal, acute tiibondes. Wings fuscous, sub-hyaline in tht> basal third. 
Length 14 mm. 

Head black, sculpture and pubescence as in erato Mickel ; clyixms as abov(‘ ; scape 
flattened and widened distally, with a single distinct carina beneath ; first and second 
flagellar segments eipial or subequal in length (the first shorU^r than the se(?ond in erato) ; 
antennal scrobes carinate above. Relative widths of head and thorax, including the 
tegulae, l-O : 1-18 (micromotor readings 5-5 : (i'5). 

Thorax exacitly as in erato except that the pubescence on the mesonotum and scutellum 
is black or picoous, not at all fuscous. 

Abdomen with the first sternite mostly black, otherwise the colouring and j)ubes(‘en(r(» 
as in erato ; torgitos 3 to fl with very remote, small punctures dorsally, much more spaiw) 
than in erato, close punctures laterally ; sternites 3 6 witli moderately small, sparse* 
jjunctures, closer laterally ; sternite 7 with an acutes tulwucle near (*ach jK)storo- lateral 
angle; hyi>opygiiim with a pair of m<*dian, large, acute, ]>arallel tubercules at th(* 
anterior margiti (these are slightly convergent in erato), the ])ni-apical tuft of ])ubescen('e 
fuscous. 

Wing^s fuscous, except the basal third sub-hyaline ; vein Mo joining cell at the middle 
(at two-thirds in erato). 

Legs black, with pale pubescence, calcaria pale, anterior calcar S})atulate, more expanded 
than in erato ; external apical tibial spines four on both internudiate and ])ostorior tibiae, 
the sjjmes picoous ; in erato there are five sjunes on the intt*rm(diate tibiae*. 

The spines referred to are truly apical, thoni may be sub-apical sjiines whicli should 
not b(» (jonfused with the apical ones. 

Holotype - West Java : Djampang, G. Malang, 3000 ft., Fel)ruary. 
1935 (M. E. W(dsh). In Zo6logi.scli Museum, Buitenzorg, Java. 
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Paratype— (J, West Java : Djampang, G. Malang, 3000 ft., February, 
1935 (M, E, Walsh). 

Other specimens examined. — ^West Java : Strand Salatri, South Coast, 
i.l938 (M. E. Walsh ) ; (J, Buitekzorg, Tjibarangbang, Mt. Salak, 1200 ft., 
xi.l937 (ilf. Walsh). 

I have compared these s|>ecimens both with the original description 
and with a paratype of eraio Mickel and can find no other differences than 
those mentioned. The considerable difference in the form of the elevations 
and margin of the clypeus, the subequal first and second flagellar segments 
and the venation seem to l)e suflicient evidence for regarding it as a distinct 
species rather than a subspecies. 


Timulla (Trogaspidia) mickeli sp. n. 

Differs from emto and selem in the bicarinate scap(*, the j)ul)ese.enc(‘ of 
th(‘ thinl tergit(*, the form of the tubercles on the hypopygium and in f)un(*tu- 
ration. Thc^n^ are also differences in the genitalia. 

This is the only species in this group of which the female is definitely 
known. 

I have much pleasurci in dedicating this species to Professor (^larenc(‘ JO. 
Mickel, whose critical work on the Mutillidae has done so much towards 
tli(‘. advanc ement of our knowledge of the group. 

cj. Head, tlier.cv, i('g» and last four abdominal soginonts, black ; first three abdominal 
scg!n(‘nts, except the earina of the first 8tornitc% light ftaruginous. th(' tliird tergite with a 
broad, apical fascia, interrupted medially, of denscs apiiressed, paki pub(‘S(r(Mi(‘e ; median 
area of (dyiieus strongly elevated, triangular, deejdy concave within, the ant(‘rodati‘raI 
angles strongly el(*vated, ovate and glabrous, the anterior margin medially det^ply ard 
rouiully emarginatc ; scaiR* bicarinate beneath ; h^^iopygium with a pair of glabrous, con- 
vergent, lunati* tulx'icles, ext<Midmg from the base to one-half ; calcaria of ant»crior tibiae 
spatulatt', fiiiidy serrate inwardly towards the extremity, which is s}>inose ; wings fuscous 
exc('pt at the extreiiu' base. Length l(i mm. 

Iliad black, clothed with spars(', erect, pale gokhm inibesci'iice, e\c(‘j)t beneath when* 
it is silvery ; pubescence on frons medially, and along tlu‘ inner e\ (‘-margins, decumbent, 
pale gold(‘n ; clyjieus as abov(‘, the lateral areas micro-tngulose, dull, clotlu*d w ith long, 
deeuinluait, i>al<‘ ]mlx*scenc(5, the median aiva clothed at th(‘ base and along thc^ sides 
with dense, sub-i*rect, jiale golden pub(‘scence, the ovate elevations glabrous, jiolishcd ; 
mandibles robust, (excised btuuvith, forming a strong blunt tooth ; face of mandible w ith 
a strong earina along the outer margin, thc^ earina eonriu(*nt with a blunt tooth situatixl 
near the a|H*x on the inner margin, the apex simple : face of mandibU's concavt^ ; s(;ape 
bicarinate^ beneath, im*giilarly jumetate and clotluHl with sjiarse, pale golden pubescence 
(HI the inner surface ; aj»ex of scaiK‘ tingtMl dark ferruginous : s(H*ond flagellar segnumt 
distinctly longer than tlu' first ; ocelli moderate, the lati'ral ocelli distant about thn‘o times 
tluur diameter from the eyc^s ; frons and vertex wnth coarse, dense, cemfluent jiunctures, 
g(‘na(‘- with moderatt', confluent jnmetures, the punctures l(‘ss deep ; antminal sc.robes 
carinate^ above. Kelativt^ widths of head and thorax, including the t(‘gulae 1*0: 1*24 
(micrometcT readings 5 f) : (>-2). 

Thorax bla(‘k, clothed on the pronotum posteriorly, the mesonotum anteriorly, th<' 
propodeon and the mesepimeron with spam*, (*reet, and dense, aj)})ressed, golden inibes- 
cence ; mesonotum and scutllum antriorly, with sjiarsti, sub-ei-oct, blac^k pubescemte, 
rest of scutelluin and proiiodeon w ith long, spai-sc*, erect, and dense, appressed, pale pubes- 
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cenoe, not at all golden ; iironotum, inesonotum and soutelluni coarsely, confluently 
punctate, the seutollum not gibbous, but with a median, longitudinal, glabrous ridge ; 
propodeon reticulate, with a median, basal art^a, the posterior half of which is about one- 
third as wide as the basal half ; dorsum and posterior face of j>ropodeon evenly sloped ; 
prepectus micropunctate and micropubeseent, the |K)8terior margin with moderattdy long, 
pale pubescence ; mesepimeron coarsely, confluently punctate, except the anterior con- 
cavity micro})unctate and micropubeseent ; mosepisternum coarsely, confluently ])unctate, 
micropunctate and microrugidose along the posterior margin ; mctapleura micropunctate 
and micropubeseent ; sides of j)ropodeon reticulate above, micropunctate and micro- 
pubescent ventrad ; tegulae black, polished and shining, with a few setiferous punctures 
along the anterior and inner margin. 

Abdomen. — Tergites 1-3 pale ferruginous, clothed with sparse, erect, pale pubescence, 
the first with a very thin apical fringe, the second with a wider, more conspicuous and more 
dense apical fringe, narrowly interrupted medially, thc‘ third with a broad, aj>ical fascia, 
videly interrupted anteriorly, unbroken pc^steriorly, of dense, appressod, pale golden 
pubescence ; remaining tergites black, clothed with sparse, erect and sub-erect, black 
pubescence ; first tergite with moderate, confluent puiK^turos, except along the api<‘al 
margin with a few, fine, separate punctures ; second tergite moderately swollen laterally, 
uith a strong, sinuate, transverse ridge, strongly swept back to the lateral swelling, the 
t('rgite in profile strongly gibbous on the ridge, the portion anterior to the ridge concave, 
the anterior area with moderately large, confluent punctures laterally, the punctures 
small, sjiarse and separate medially, those below the felt-hue small and s^'parate, the 
posterior area with \ery sjiarso, small ]uinctures medially, extreme laterally with inoderato, 
close, confluent punctures, the lateral thirds of the margin with fiius dense, sejiaratc 
punctures; tergites 3-fi with densi', fine, sejiarate j)um‘turoR op the anterior third, the 
median third with moderate puncture's, close laterally, sparse medially, the posterior third 
with some moderately fine, scattered punctures beneath the pulx'scence ; the punctures 
in the anterior third of the sixth tergite less dense than in the preceding tergites ; the surface 
between the punctures on the* anterior third of all tlu'se tt rgites very finely, transversely 
tessellated ; last tergite with fine, close, separat(» punctures at the extreme base, the 
remainder, except the glabrous, tuinescont, area, wuth mod(*ratt‘ly small, dens**, confluent 
punctures; tumescent area long, narrow' anteriorly, evenly widening ]) 08 tt*riorly, where 
it is three-fifths as wude as the margin of the segment ; fiist stemitci ft*rnigmoiis, the carina 
black, w'ith sparse, erect, pale jmbesceiKc : second and third sternitf^s ferruginous, clothed 
Avith spai’se, erect, pale pubescence, and w ith a thin ajiical fringe of pale golden ]nibes<*eri('e ; 
remaining sternites black, with black pubesc'ence ; first stc'rnite with a few fovoolato 
punctures; second sternite with an antenor, median gibbosity, with moderatolv larger, 
separate punctures, sparse* medially, finer and denser ]>oatero-laterally, with an ovate area, 
entirely free from punctures and ])ubeacence, coveiing the extieirie laternl half ; third to 
sixth sternites with moderately small, sjiarse punctures, remote medially, dense in the 
postero-latt*ral angles ; seventh sternite with moderatc'ly small, scattered punctures, and 
with an acute, triangulai tubercle at about one-half, situatwl extreme latiu'ally and directed 
mwaids ; hypopygium with a pair of glabrous, lunatt*, convergimt tulK'icles, extending 
from the base to one half, the lateral margins carinate, the* surface with small, moderately 
close xmnetures. 

black, clothed with pale pubescence* ; ealcaria ])al(*. 

Whigji fus(*ous, except the extreme base |>ale ; cell 2nd Rj -i R> angulately truncate 
at the apex, about equal m length to cell R }- Ist Ri ; cell not at all obsolete. 

Head and ahdomi'ii blaijk ; thorax, scape*, coxae*, trochanters, most of the femora, 
anterior tibiae f*xtcrnally and first sternite, ferruginous ; second tergite with a jiair of 
anterior spots of pale golden pubescence, sepamted by a distance about one and one-sixth 
times their greatest diamet(*r, the apical margin of the tergite with a narrow fringe of pale 
golden pnb<*scenc<* ; third tergite clothed with dense, appressod, jiale golden puliescence, 
narrowly interriqited anteriorly witli black ; lomaining segnu*nts black ; pygidial fringes 
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palo golden ; pygidial area finely, longitudinally rugulose on the basal two-thirds, almost 
striate. Length 0*5 mm. 

Head black, clothed with sparse, erect, black pubescence and spaiee, sub-erect, pile 
pubescence on the frons and vertex, the vertex posteriorly with dense, erect, fuscous pile ; 
genae and post-genae with erect and sub-appressed, palo pubescence ; margin of clypeus 
strongly bidentate, widely omarginatc between the deut.cles ; median area of clyj)eus 
narrowly triangular, raised, bearing a strong, median, downwardly directed, sharj), sub- 
marginal tubercle ; mandibles castaneous, black at base and ajiex, the apex simple ; 
antennal scrobes piceous, finely pubescent ; scajie ferruginous, with a few, shallow punc- 
tures and sparse, pale golden pubescence ; pedicel and flagellum black, the first flagellar 
segment nearly as long as the second and third together ; antennal scrobes carinate above ; 
genae carinate posteriorly from the mandibular articulation to about one-third of the way 
to the vertex ; gular carina produced into a moderately strong tooth on either side of 
the mouth cavity ; frons and vertex moderately coarsely, confluontly imnctate, the genae 
less coarsely so. Relative widths of head and thorax at its widest part 1*()6 : 1*0 (micro- 
meter readings 9*0 : 8*6). 

Thorax ferruginous, moderately coarsely, confluontly punctate on the dorsum, the 
sculpture with a longitudinal trend on the mesonotal area ; clothed with sjiarsc, erect 
and sparse, decumbent, dark ferruginous pubescence ; scutellar scale well develojwd, 
rather more than one-sixth the width of the thorax at that part ; thorax steeply, but 
smoothly, rounded into the propodeon ; posterior face of pnijjodeon longitudmaUy rugose^, 
the ank^rior face somewhat denticulate, the posterior face clothed with sparse, erect, i)alo 
pubescence ; humeral angles moderately prominent, the pronotum widened posteriorly 
to the angles, forming a prominent, obtuse, denticle ; mesonotum shghtly narrowed pos- 
teriorly, lattu’ally sinuate ; sides of propodeon feebly denticulate ; lateral margins of thoiax 
dark ferruginous, almost piceous, sub-carinate ; pronotum laterally with the anterior 
margin feebly, but distinctly, carinate, finely pubescent along the anterior margin and m 
tlu^ concavity, with a strong, prominent carina arising from the humeral angle and extend- 
ing to the postoro-vontral angle, the triangular, dorsal area thus formed microi)ul>ewent 
and with a f(»w, fine, scattered punctures ; mesopleura micropubescent, the anterior area 
mit ro-shagrwned, the posterior ai’ea micropum tate ; metapleura and sides of projiodeon 
micropulxwent and micropunctate. 

Abdomen black, with s}>arse, enict and sub-erect, black pubescence on tergites 2, 4 and 
5 ; first UTgite with sparse, erect, pale puliescence and moderate, confluent puucturc‘8 ; 
second tergite with close, moderate punctures, smaller and sparser medially, with some 
sparse, erect, ]>ale pubescence anteriorly and with a pair of anti*nor, subcircular spots of 
appi'cssed, jmle golden pubescjcnce, the spots somewhat oloncjate and separattul by a dis- 
tance about one and one-sixth times their greatest diameter, the tergite shghtly flattened 
bctwc‘on the sjiots ; apical margin of second tergite with a narrow^ fringe of }>ale golden 
puliesceiicc ; thini tergite clothed with dense, appressed, pale golden pubescence, narrow Iv 
excised anteriorly in the middle ; fourth and fifth tergites wdth fine, dense punctures 
anteriorly, clothed with moderately dense, sub-appressed and sjiarse, erect, black pubescence 
on the fiosterior two-thirds ; last tergite with fine, dense punctures laterally, pygidial 
fringes pale golden, pygidial area well defined, finely, longitudinally rugulose on the basal 
two-thirds, the apex smooth ; firet sternite dark ferruginous, the carina palo ferruginous 
and translucent, its angles rounded ; second sternitt' wuth moderately larger moderately 
dense, almost confluent pimcturos, except in the anterior laU»ral thirds on either side of 
the median, longitudinal carina with the punctures smaller and 8e])arate, clothed with 
sjmrso, erect, pale pubescence and with a thin apical fringe of palo golden pubescence ; 
third to fifth stemitos with moderately fine, dense punctures, sjmrse, ei-ect, pale pube's- 
cenco and a thin, apical fiinge of pale golden pubescence ; last sternite with raoderatolv 
fine, dense punctures and sparse, erect, palo pubescence. 

Legs , — Anterior legs ferruginous, except the tibiae posteriorly and the tarsi, piceous ; 
intermediate and posterior legs with the coxae, trochanters and femoi'a, excejit their 



m 


Mr. H, T. Pagden's Desorifitims and Itecvfds of 


extreme apex, ferruginous, apex of femora dark fusoous, tibiae and tarsi blaok ; all the 
legs clothed with pale pubescence, that on the tarsi distinctly, on the tibiae faintly, golden ; 
calcaria pale golden. 

Holotype. — Federated Malay States : Pahang, Fraser’s Hill, 
Peninjau, 4200 ft., 2.vi.l936 (ff. M. Pendlebury), in copula with 9 allotype. 
In Selangor Museum, Kuala Lumpur, F.M.S. 

Allotype. Fej)ERated Malay States : Pahang, Fraser’s Hill, Penin- 
jau, 4200 ft., 2,vi.l936 {//. M, Pendlebury), in copula with ^ holotype. In 
Selangor Museum, Kuala Lumpur, F.M.S. 

Paratypos : Federated Malay States : $, Selangor, Bukit Kutu, 3500 
ft., 30. i. 1930 (IL T, Pagden) ; Pahang, Fraser’s Hill, 4200 ft., 18. vi. 1931 
(//. M, Pendlehury) ; cJ, Pahang, Fraser’s Hill, 4200 ft., G.vii.l931 (11, M, 
Pendlebury) ; cJ, Pahang, Fraser’s Hill, 4000 ft. 28. vi. 1933 (H, M, Pendle- 
bury)\ Pahang, Fraser’s Hill, 4000 ft., I.vii.l933 (11, M, Pcndklmnj)] 
(^, Selangor, Bukit Kutu, 3400 ft., August, 1935 (H, M, Pendlebury) ; 7 (^, 
Pahang, Fraser’s Hill, 4200 ft., 14, 15, 17, 18, 19 (2), and 21.vii.l930 (H, 
M, Pendlebury), 

Unfederated Malay States : J', Kedah, Kedah Peak (Gunong Jerai), 
3000-3300 ft., I2.iii.l928 (11, M, Pendlebury), 

Siam : cj, Nakon Sri Tama rat (Nagorn Sridharmraj) Khao Jaiaiig, 3000 
ft., 30.iii.l922 (11, M, Pendlebury), 

Tinmlla (Trofjaspidia) slepluini (Magr(*tti). 

Muhlla Mfphani Magretti, JS92, Ann. Mas, civ. Sfor. nat. (hnovu (2) 12 : 227, j*. 

Mntilht Mcphani Oinghaiii, 1897, Fantw Brit, Imha, ll>in. 1 : 43, rj. 

Mutilla stephini Dalla Toms 1897, Cat. Hymen. 8 ; 88, (J. 

The original description of this species, although it mak(‘s no mention of 
the spatulate anterior calcar nor of the peculiar form of the clyjH'Us, states 
that the second abdominal tergite bears a ]>romim‘nt, transvei-sely compressed 
gibbosity. This fact, together with the general facies, as visualized ln>m 
the description, led me to believe that it might belong to tlir* erafo group. 
Througli the good oltices of Mr. li. B. Benson of the British Museum (Natural 
History) and tht* kindness of Professor Oscar d(‘ Beaux, Director of the 
Museo Oivico di Storia Naturale, ‘‘ Giacomo Doria,” Genoa, wlio sent the 
type material to Mr. Benson for me to examine, 1 have been abl(» to confirm 
my suspicions. The material submitted was complex, and 1 liojie to deal 
with the other species represented at a later date, but tin* type specimen was 
clearly indicated so that there can be no doubt of its identity. 

The differences between stepliani and tniel'eh are not great, but I think 
that they are sufficient to justify considering them as specifically distinct 
and not mendy subsp(*cies. The most obvious difference lies in the pubescent 
fasciae of the alxlomen, sfephani having an apical fascia on both tiTgites 
three and four, that on three of dense, appressed, golden pubescence, widely 
emarginate medially on the anterior border, that on four of sub-appressecl, 
golden pubescence, narrower, widely emarginate on the anterior margin 
medially, while mieleli has but a single abdominal fascia of appressed, very 
pah' goldf*}] pubescence on the third tergite. 

Other differences are ; 
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Head slightly more pubescent, genae with finer and shallower punctures, median 
emargination of clypeus slightly less wide relative to the width across the tubercles (0-7r) : 
2*75 as compared with 1*0 : 2*75 for mickeli). Length of median area of clypous measured 
from the margin, relative to width at base of tubercles slightly less than in mickeli. Relative 
widths of head and thorax, including tegulae 1*0 : 1-16 (microraoter reading 5*(> : 5 8) iu 
stephani, 1*0 : 1*24 (micrometer reading 5*0 : 6*2) in mickelu 

Thorax with the line of appressed golden pubescentje along the anterior margin of the 
mesonotum very narrow, much narrower than in mickeli ; scutellum with only a feeble 
indication of a longitudinal, median, glabrous ridge. 



Fios. 7 12. — (7)* Median area, cly])ou8 of : T, (T.) (rato Mickol, ; (8) T. {T.) *tehnr sp n. 
'S y (•!) oiirkeli sp. u., cJ ; (10) 1\ (T,) stephani (Magretti), ,j ; (11 ) 7\ (7\) scfva 

((’ameron), <S i (12) T. {T.) sotuhtica sp. a., 


Abdmnen with sparse, black pubescence only on tergites 5 7 ; punctures on second 
tergite liner and less dense laterally, both iu the anterior and posterior aieas ; iirst steinite 
more extensively black basally ; fourth and fifth stornites wuth spai-se, erect, iiah* j)ul)(*s- 
cence and with a thin, apical fringe of pale golden puliescence. 

Type. J, Burma: Karen Hills, 900 1000 m., June- August, lcS88. fn 
Museo (^ivico ili Storia Naturale, Genoa, Italy. 

Timulla (Trogaspidia) scevu ((^ameron), 

Mutilla sceva (^ameron, ltK)4, Z. Hymen. Dipt. 4(1) : 0, (J. 

This species, like stepham, occurs in Burma, but extends Northwards 
into Assam. It is dealt with here because it falls naturally into the vrato 
group, and its inclusion (*om})lt‘tes the list of known species of that group. 

* Sec footnote, p. 217. 

TRANS. R. ENT. SOO. LOND. 100. PART 8. (OCT. 1949). !()§§§ 
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Tmmlla (Trogaspidia) sceva was described as Mutilla scma by Cameron 
in 1904 in a paper dealing with Indian Hymenoptera. 

Four specimens are known to me, all males, and three bear labels “ Mutilla 
sceva ” in Cameron’s handwriting. One ot these specimens is in the Rothney 
collection, Hope Department of Zoology, Oxford University, and two specimens 
are in the British Museum (Natural History), South Kensington. All these 
specimens are labelled “ Type.” The fourth specimen was assigned by 
Bingham to stephani (Magretti). 

(^ameron gives the location of the t)T3e as “ Coll. Rothney,” and I therefore 
designate the specimen in that collection as the lectotype. 

Timulla (Trogaspidia) sceva (Cameron). 

Lectotype. — (J. Assam ; Khasi Hills. In Rothney collection, Hope 
Depai*tment of Zoology, Oxford University. 

Cameron’s original description follows : 

“ Black ; the apex of the Ist and the whole of the 2nd and 3rd segments ferruginous ; 
the basal half of the end segment with an oblique slojx^ ; tlio wings fusco-violaceous, paler 
at the base ; the apex of the clyj^eus stoutly bidentato. Length 15- lb mm. 

“ Hab. Khasi Hills. (Coll. Rothney.) 

“ Antennae black, the scape covered with long white hair. Hoad t hickly co vended with 
long grey hair; the front and vertt'X rugosely punctured, dyjauis smooth, bare and 
shining ; the middle deeply depressed ; the aj^ex ending in two broad tt‘eth ; their a}>ex 
is bluntly rounded. Pro- and mesonotum rugosely ])unctui'ed ; the base of the pi’o- 
pleurae coarsely punctured, the apex smooth. The central |Mirt of tbe mesopleurae closely, 
but not very strongly, puncture^d. The apex of the pronotum thickly covert'd with griseous 
pubescence ; the mesopleurae in the middle covered with a silvery pile and more H})arst*l\’ 
with long white hair. Mesonotum thickly covered with fuscous hair ; its furrows an* 
clearly defined. Scutollum roundly convex, but not much raised ; rugosely ]umct-ured ; 
its centre at the base smooth ; its sides and apex covered with long blackish and ])ale hair. 
Median segment reticulated ; the base of the phnirae smooth ; it has a gradually rf)und(^d 
slope to the apex ; the central basal area is small, irregular and not- clearly defiiu'd. Jx'gs 
black, thickly covered with griseous hair ; the ealcaria pile, the tarsal sjunes rufous. 
Wings fusco- violaceous, paler at the base ; the stigma and nervurcs black ; tlu're is an 
oblique hyaline cloud in the 1st cubital cellule. Abdomen black ; the ajwx of the ]x*tiole 
and the whole of the 2nd and 3rd segments ferruginous ; the 1st segnumt is e,oai*sely })unc- 
tured excej)t at the apex ; the ventral keel is slightly dilated at the baw^ ; the 2nd st'gment, 
on the basal half, is ol>)iquely depressed and is there closely, but not strongly, ])un(dun^d ; 
the. apex is smooth. The middle segments are fringed with white hair ; the apical more 
thiciklv witli longer black. The last segment is coarsely punctured, except- in the middle, 
whei*e there is a smooth band, which becomes wider towards the ap^x. The ap'x of 
the last ventral segment is smooth and bare ; the rest covered with long bla(^k hair ; at 
the base of the smooth ymrt are 2 rounded tubercles. 

“ C^haracteristic of this species is the incised bidentat-e clypous. The mandibh^s end 
in one, distinctly separat(‘d, tooth. The only Indian sp‘ci(^s of Mutilla wit h a bidentat-e 
clyjx*us is M. bidem ()am. (A7m. and Mag. of Naf. Hist., July, ISfifi), but that, spcx'ies is 
smaller, the mesonotum is not funowed, the sc\itellum furrowed and th(‘ last- ventral 
s(‘ginent bears two keels.” 

To this descript ion T add the following more detailed remarks : 

Head, thorax and last fojir abdominal segments bhw^k ; first sternite and base of 
first t-fTgite ]>ice(Mis ; S(.(*()nd and third abdominal segments ferruginous ; third tergit-e 



Austro-Malaysian Meihoddae and Mutillidae 


207 


with a distinct, but not dense, medially interrupted fascia of pale gokien pubescence ; 
scape bicarinate beneath ; sc^cond flagellar segment slightly longei* than the first, but not 
noticeably so ; hypopygium with a pair of median, basal, blunt tubercles, acute w hen 
viewed laterally, nearly parallel and polished externally ; wings fuscous, somewhat pal(*r 
basally, particularly the hind wings. Length (H. -j- Th.) -f Abd. - H -f 9 0r) ram. 

He/id black, sculpture and j)ube8cence very similar to eralo Mickel, but the sculpture 
rather more coarse ; clypeus very similar to cralo with a shght tenden<;y towards mickeli, 
th(^ lateral lunate areas 8car(;ely at all convergent, the median, marginal excision about 
as in erato, relatively less deep than in inickeM ; scape somewhat flattened, scarcely (*on- 
stricted medially, slightly widened apically, distinctly bicarinate beneath, ck^thed w'itli 
sparse, moderately long, 8ub-ere.ct, pale pubescence ; first and secoipl flagellar segments 
subequal, the se(!ond a shades longer than the first ; antennal siirobes carinate above ; 
])osterior ocelli situated about two and one-third times as far from th(' eyes as from each 
otlu^r (9 5 : 1-5). Relative widths of head and thorax, including the tegulae. I f) : 1-20 
(micrometer reading 5-0 : ()-4r>). 

Thorax black, sculpture almost exactly as in eraio except that the reticulations of the 
dorsal fa(;e of tlu*. propodeon an* v(‘ry much larger ; pulK‘sceiice of jironotum rath(‘r 
more d(‘ns(^ than in erato ; dorsum of projxideon moderately densely clothed with siib- 
appressed, pah', glittering pulw'scence, the median areolus fusiform, about four times as 
long as wide. 

AhfUmim with the first tergiU^ very dark ferruginous to ])iceous on the basal half, tlie 
a]>ical half ferruginous ; Sf'cond ami third tergites w holly feri uginous, the remainder blac*k ; 
first tc‘rgit-<' w'lth moderate to (‘oarse, confluent puru^tures, finei' jiosterioiiy, ciothtHl with 
S])afw*, (*!'ect, pale piilx^scence ; second tergite with a transverse, angulat(‘, low' ridge, as 
in the other members of the grou]), the area anterior to the ridge with moderately coarse, 
close punctur<*s, scarcely less clow* medially, the posti'rior area with small, remote punc- 
tures, closer latcrall\ , clothed w ith sjiarse, eri'ct, ]>ale pubescence* ; third tergite with mode- 
rate, close, s(‘])arate ])unctur(‘s, more wiilely st*parated medially, clothed with s])arse, erect. 
]kile imbescenee and with a distinct, but not (h‘nse, medially iuttuTupted, apic,al fascia of 
snb-a])pr(‘ssed, pale, glittering pubescence* ; fourth to sixth tergites black, with fine, close*, 
scjiarate jiunctures basally, (‘oarser ]>unctures medially and fine, remote punctures apically : 
the fourth and fifth with s]>arse, erect, pile puliescence and a thm apical fringe of pak* 
pubesc('nc(*, the sixth with sjiarse, er(*<i, black jmbescence ; last teigiti* with fine, close, 
separate ]}unct-ures at the base, the remainder, excejit the nu'dian tuuu'scent aiea. with 
moderate, close, confluent punctures, cloth(*d with s]>arse, erect and sub-erect, black pubes- 
cence ; first sternit(' piceous, the carina oil the anterior two-thirds elevated anteriorly, 
the lati*ral aix*aa with a few longitudinal rugae and moderate, irreiziilar punctures, clothed 
with sparse, erect, pale j>ulw*scerice, the jiosterior fata* with a fin**, short. ]».»!(* pile ; -ii'cnml 
st<*rnitt* with an anterior, median gibbosity, the anterior third receding and inijamctatc on 
th(* Iat<‘?al areas, the reinaimh*!’ with moderate punctun*s sejmrated by about their own 
(liaineter, <‘\cej»t a small, laU'ral, ovat<* ai-ea ])oh8hed and impundate, clothed with s])arse, 
erc'ct, ])ak' ])ubesc(‘nc(' and with a thin a])ical fringe of pale ]mbescenee ; third stcinitc fer- 
ruginous, with small, closi^ punctures, douse laterally, more remote nualially, sjiarse, erect, 
pain pubes(ten<*(* and a thin, atiical fringe of pale pubescence: fourth to sixth sternites 
black, with similar punoturation to the pre(‘eding sternito, fourth and fifth witli sjiarM*. 
erect, pale ]>iiboseenee and a thin, apical fiingo of ])ak’ pub(‘-i (m(*e, si <t h w ith s]uise, (‘reef, 
fuscous pubescence and a thin, a]>i(*al fringe of black pubescence : st‘vcntb st(*rnitc blac^k, 
with sparse, moderately small ])nnetures and s])arse, erect, blatk })ub(*scenee. armed witli 
a prominent, extreme lateral, acutt* tulM'ixie at almut one-half from the ap(‘X ; hv])opygium 
w ith a jmir of polished, lunate tubeielos on the nuMlian third basally, the tubercles se]mrated 
by a distance equal to tlu‘ii‘ tlistanee from the lateral margin : lateral areas of hypogodium 
with a f(*w\ small, shallow* pimct iires, the a]>ical third membranous, cloth(*d with sparse, 
erect, fuscous ]ud»eseenec. 

black, clot.hed w ith ]iak* pubesci'iice : anterior ealearia spatulatK*. ]iale, tla* c*xternal 
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convexity castaneous apically ; the other caloaria pale ; external tibial spines of hind legs 
pale. 

Wings fuscous, except the extreme base pale ; cell 2nd Ri -f Rj somewhat truncate at 
the apex, not distinctly angulate, about equal in length to coll R -f 1st Ri ; cell R 4 not at 
all obsolete. 

Other specimens examined : 2 (J, Assam : Khasi Hills, in British Museum 
(Natural History), South Kensington; c?, Burma, Pegu Hills, viii.1888, 
Bingham, in British Museum (Natural History), South Kensington (originally 
attributed to stephani (Magr.)), 

^ Timulla (Trogaspidia) sondaica sp. n. 

(J. Differs from erato Mickel in the distinctly bicarinato scape, in the 
presence of a distin(*t, but narrow, medially interrupted, a})ical fascia of pale 
pubes(*ence on tergite three, and in the structure of the hypopygium. 

From micl'eli it differs in the puncturation of the alxlomen, which is very 
similar to that of erato, in the general colour of the pubescence, particularly 
in the pale pubescence of tergites four and five, and in the structure of the 
hypopygium. 

Head, thorax and last four abdominal segments, black ; first three abdominal segments 
ferruginous, except the extreme base of the first tergit(' and most of the first stenute. 
black ; logs black, caloaria pale, intermedjato tibiae with throe, posti^rior tibiae ith four, 
distinct, dark spines externally at the apox, these spines are palo in mickel i, dark in erato, 
where they number five on the intermediate tibiae. Jjeiigth 1 6 mm. 

Head black, clothed with spirse, erect, pale puliesconce on the upiier frons, vertex 
genao and posteriorly, with sub-appressed pale puliescence between the antennal tubercles 
and on the lower frons, and with longer, sub-ap})res 8 od and nmi’O dense, silvery jnibescimoo 
along the lower eye-margins inwardly, malar spac(» and clypeus ; mandibles black, viith a 
dark ferruginous pre-apical spot, robust, with a strong, blunt tooth near the base beneath, 
apex simple, with a single pre-apical tooth on the inner margin ; antennae blac’k, scajie 
bioarinate beneath, clothed with sparse, pale pubescence ; first flagellar segment tnpial in 
length to the second ; clypeus as descrilx^d for mickeh, the face of the elevated tubercles 
ferruginous ; puncturation as in mtckeli. Relative widths of head and thorax, including 
the tegulae, 1-0 : 1*25 (micrometer reading 6 0 : ()'26). 

Thorax black ; the pronotuin with moderately dense, sub-apprc'ssed, pale jmlx'scence 
posteriorly, with sparse, erect, pale pubescence anteriorly, mo<leratoly coarsely, confluently 
jmnctaie ; rnesonotum moderately coars^dy, confluently punctate, clothed with sjmrse, 
sub-erect, black pubescence, except extreme antt*riorly with sub-ertH't, jiale pulK^steiu'e ; 
scutellum slightly elevated but not gibbous, with a median, longitudinal, glabious ridge, 
clothed with sparse, eivct, curved, pale pubescence and with a few black hairs anteriorly ; 
propodeon evenly sloped, the basal area clothed with 8 ub-appres 8 c*d, not very dense, jiale 
pubescence, the surface reticulate, ^^ith a median, elongate, basal area ; sides of pronotum 
finely pubescent ; mesepimeron with dense, sub-appressed, pale pubescence on the con- 
vexity, the pubescence slightly tawny, with moderate*, close, conflurmt punctures, aciciilate 
and micropul>e 8 cent in the anterior concavity ; mesepistornurn with dense, sub-appressed, 
jialo puliescence and moderate, confluent punctures on the convexity, the jiosterior con- 
cavity micropubescent, finely aciculate and with a few, small, scatteivd jmnetures ; meta- 
pleura micropuliesccnt and finely aciculate ; sides of propodeon shallowly n^ticulat^, 
except along the mctajileural suture, whore it is micropunctate and micropubescent ; 
tegulae black, shining, microscopically tesselated on the posterior half externally, with a 
few punctures on the anterior and inner margin. 

First to third tergites ferruginous, the first black at the extreme base; 
n*maining tergites black ; first five tfTgites with sjiarse, erect, pale })ulH3Scence, the third 



Austro-Mala^aim Melhooidtie and Mulittidae 


209 


with a thin, but distinct, medially interrupted, apical fiwcia of sub-appreeaed, pale pubes- 
cence ; first Btemite blaok, second and third ferruginous, remainder black, clothed with 
sparse, erect, pale pubescence, except the last two segments with black pubescence , first 
tiTgite with moderate, couduent punctures, except apically the punctures very fine and 
sparse ; second tergito swollen laterally, with a transverse, smuatts low ridge fitim the 
posterior maigin of the lateral swelhng ourvmg forwards over the dorsum at one-half, 
the anterior area in profile feebly concave, almost straight, with s^iarsc, small punctuies 
dorsally, closer laterally, larger and moderately dense on the lateral swelhng, the postenoi 
area with very sparse, very small imncturos dorsally, almost impum^tato, and moderately 
small, close punctures extreme laterally, clothed with sparse, erect, pale pubescence and 
with a thin apical fnngo of pale pubescence ; third tc‘igite with fine, close punctures ba sally, 
the surface between the punctures microtesselated, and fin(», sparse punctures on the dorsum 
medially, the punctures (loser and slightly larger lateially, clothed with sparse, erect, pale 
pubescenc^e, and ^Mth an apical fascia of sub-appressed, pale pubescence, narrow mg towards 
the dorsum, whcit» it is widely mterruptod, the interruption with a few, pale hairs ; fourth 
to sixth toigites black, with fine, dense punctures extreme basall>, very sjiarse, hne punc- 
tures mediall}" on the dorsum, the apical margin irnpunctate , last tergiie with the apical 
margm strongly sinuate, roundly produced medially, the tumescent an^a strongly widened 
from base to ap(*x, w ith small, close punctures laterally ; firat stomite with a moderately 
well developc'd carina, its anterior angle slightly elevated, with a few foveolatc punctures 
laterally ; second stemite with moderately small, I’cmote punctures basally, the punt tines 
laig(*r medially, finer along the iKisterior margm, feebly swollen posteio latcraUv and wnth 
a glabjouH, irnpunctate area on the swelling; third to sixth stcinites with fine, remote 
juincturc's, dens(*i laterally , seventh w'lth a few , small, scattered punctuies and an cxtieme 
lateral, blunt denticle at about one half ; stenutes 3-5 with a thin apic*al frmgc of pale 
j)ubc8cen<c, (5 and 7 with sparse, black pubescence ; hyjxiiiygium with a strong, median, 
tnfici tumc'scencc, the lateral marpns dnergent, glabrous and sub tubeiculatc externally, 
th(‘ m(*cUan jiortion lounded posteriorly, extendmg slightly l)e\ond the lateral arms, th<‘ 
til meat once invgulaily punctate, clothed with sparse, black pul>esceiue laterally, moie 
dcmsc, fulvous pubescence at the ajK*\ of the tumescence. 

W ?rt{7s fuscous, except the basal tlnrd pale, coll 2nd Ri ^ R2 angulately tiuncate 
apically, longer than cell R f- Ist Ki ; (*ell R5 i<»ceivmg veins M3 + ^ shghtly beyond the 
middle ; cell Rj distinct, except for vcm Mi -f R^ 5. 

L(gji black, with pale pulH^scencc, calcana iwle ; antcnoi tibial spui spatulat(\ pale 
tianslucent ochivous, with a huge, daik spot on the expansion medially ; external tibial 
spines dark. 

Holotype. Wesi Java: Soekaboemi, Sitoogoenoeng, lOOO m , 
23 IX IfKH (»/. van der Vecht), In Zoologiscli Museum, Buitonzoig, Jiua. 

Parat}T)es : West Java : Soekaboemi, Sitoegoenoeng, 1000 m., 

23 ix 1931 (»/. vayi der Vecht) , Djamp^ng Tengah, G. Tjisoeroe, GOO-800 111 ., 
XI 1933 (M, E, ^ya}sh ) ; cJ, Djampang Tengah, G. Tjisoeroe, 00(1 800 m.. 
111.1935 {M, E. Walsh) ; (^, Poontjak, 1400 m., 111 1930 {E, Jacobson), 

Middle Java . Dieng, 2000 m., vii 1935 {E. Jacob^ot}). 

Other specimens examined: West Jwv Mts. Djampang Welan, 
Goenoeng Malang, lOOOft., viii 1937 (Jf. ]\alsh). 3 Goenoeng Malang, 
viii.1937 (J/. Walsh) ; (J, Mt. Gede, Lebok Siol, 3000-4000 ft., viii.1937 
(J/. E. Wafe/f) ; (J, Balekambang, Tjileboek baai, via. 1937 (M, E, Walsh), 

The Subspecies of Timulla (Trogaspidta) fhhppuwnsis (Smith). 

To this group belong some of the largest, if not the largest, members of 
the Tvnalla subgenus Trogaspidm found in the Malay Archipelago. The 
diagnostic features may be given as follows. 
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Males : Scutellum gibbous. Hy|3opygium with elevated, elongate, lateral 
ridges or tubercles. Mandibles not excised beneath. Second abdominal 
stern ite evenly convex. 

Females ; Second abdominal tergite with a pair of pale, pubescent spots ; 
third tergite with a fascia of dense, appressed, pale 2 )ubt^scence, int(^rru 2 )ted 
medially or not ; pygidial area rugulose. Thorax entirely ferruginous. 

Th(^ median ocellus in the male is situated in a slight depression, surrounded 
by a distinct ridge, but this character is not peculiar to the group. The 
genitalia of all the subspecies of which the male is known are similar, any 
variation wdiich does occur being mainly in the presence or absence of a denticle 
on the inner margin of the imcus of the sagitta, but this is not constant so 
camiot be considered even of subspecific importsince. 

In the females the sculpture is very constant in all the known subspecies, 
but there are marked differences in the pale pubes(5eiit markings and slight 
differenc'.es in the develojuuent of the scutellar scale, in the colour of the legs 
and in the sculpture of tlie ])ygidial area. This last is alw^ays more or less 
rugulose, but the extent of the rugulosity and the disposition of the rugae 
vary slightly, though th(\v appear to b(‘ constant in any one subspecievs. Th(‘ 
pale put)escent s])ots of the second tergite may be longitudinally elongate, 
subcircular or subtriangular. The third tcrgitc' alw^ays lias a dense fascia 
of a})])ress(*d, pal(‘ ])ul>cscence, which may be interrujiti'd. The fourth tergite 
may be w'holly blacker may boar a ])air of large, subejuadrate s])ots of apj>ressed 
pale pubescence. 

On the whoh* the females are more diflicult to separate than ari‘ th(» males, 
and the key which I present may not b(^ entin'Iy satisfactory when more sub- 
spec.i(‘s are known. Th<‘ various subsp(H*i(*s se(‘ni to b(‘ (;onlin(‘d within ('om- 
jiaratively narrow^ geogra])hical limits and the locality is, m many cases, a 
distinct aid to identification. 

In the k(‘y to females 1 have included subsp(‘i‘ies snujupora .Mickel, and 
1 have mentioiu'd a unique s])ecJinen, which 1 believe to be this sul)S|>ecies, 
in tlu* text. The identity of this specimen is by no nu'ans certain, so 1 liave 
queried it and have not described it. The reason for the t(*ntative indication 
of the identity of this female is based on the following facts : three subsp(‘c.ies 
of 2)hibppiHcniiis havt‘ been described from the Malay Peninsula, malapana 
(('ameron) fiheatl (t'ameron) mujuponi Mi(‘ki*l rj. None of th(\s(* 

has ev(‘r betm takem in copula, l)ut tmlayana has only been taken on the 
Eastern side of tlu' Peninsula and the same apjdies to sleaft, whieh is likely 
to prove tlie female of malayana : sinyajtora is only recorded from Singapore 
Island and from Kuala Liimjiur, tlu^ latter on th(' West of the main rang(' of 
niouTitains. The female which J have tentatively assigjied to sioyaponi was 
taken in Sijigaj)or(‘ Island and is cpiite distinct from skeati. 

Th(‘ k(\ys which follow an* based on those of Mickel (19115), to wliom 1 
am deeply in(lel)t('(l for permission to make use of them. 

K(‘V to the Subspecies (f Timulla (Trenjaspidia) philippincnfiis (Smith). 

Males. 

1. Pronotiim (*.loih<‘(l witli sparse, black pubc8C€*iice 2. 

Proiiotuin clothed with apprt»s.sed, pale pubescence 4. 

2. A])(lonH‘ii w'lth at least st giuents 2-4 ferruginous or {)artly ferruginous 3. 

Alxlonien (‘iitirely black phUippinenaia ilandnim (Cockerell). 
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3. Abdominal segments 2 -5 ferruginous 

philip'pineMsis philippinensis (Sjnith) (p. 212). 
Abdominal segments 2 and 3 wholly, 4 partly, ferruginous 

philippinemiH paloeana subsp. n. (p. 215). 

4. Dorsum of propodeon with dense, even, appress(;d, ])ale pubescence 

philippinensis malayana (Cameron) (p. 212). 
Dorsum of propodeon with only moderately dense, sub-appressed, pale 

pube8c«nce 5. 

5. Median ridge of clypeus weak, abdominal segments 2-6 ferruginous . 6. 

Median ridge of cly 2 )eus strong, forming a ])rominent, dull c-arina ; abdo- 
minal segments 2- 4 ferruginous philippiurnsis miyapora Mickel (i). 212). 

6. Disc of second tergite with (listinct, sparse j)unctures ; apical fringe of 

sixth tergite buTuginous . . . philippinensis aiuartaua (Zavattari). 

Disc of second tergite almost entirely glabrous, impiinctate ; apical 

fringe of sixth tergit(‘ usually black 7. 

7. Ferruginous i)ubeseeu(?e of tergit-es 2-6 very briglit 

phiHppimnsis sumla Mickel (j). 213). 
Ferruginous pubescence of tergites 2 6 very dark or black 

philippiticnsis kanycaua subsp. n. (j). 214). 


Females. 

1. J’ale [mbesceiit fascia of third tergite distincl-ly interrupted medially 
with black ; fourth tergite with a pair of transverse, pale, pubescent 

s])ots 

Pale pubescent fascia of third tergiti* usually entire, sometimes weakly 
cinargmate with black me<liaily ; fourth tergite either black or with 


a pair of transverse, 2 >ale, pubescent spots 4. 

2. l’ubes(‘ent markings of abdomen jiale golden, almost silvery ; jiale 

f)ubescence of legs sparse 3. 


Pubescent markings of abdomen strongly golden ; pale j»ub(‘scenc(‘ of 

l(*gs gohb*n. dens(' .... philippinensis paUmuia subsp. n. (p. 215). 

3. Pale sp(»1-s on fourth tergite separated by a distance about e([ual to tlnnr 
transverse diameter ; pale jnibescenee of first tergite entirely erect ; 

])ale hairs of antero-lateral areas of second tergite few, entirely erect, 
inconspicuous ; sc.utellar scale distinct 

philippimnsis suuda Mickel (]). 213). 

Pale sjiots on fourth tergite widely se^iarated ; 2 )ale pubescence of first 
tergit(‘ in part appressed ; jiale hairs on antero-lateral areas of second 
tergite in part ajipressed, obvious ; scuiellar scale weak 

philippuhensis lam/eana subs[). n. (p. 21 i). 


1. Fourth t(‘rgite without a jiale fascia or pale pubescent sjiots . . . 5. 

Fourth tergite with pah* jiubescent spots or with an interruptcid jiale 

fascia 6. 

5. Spots on second tergite (‘longatc-ovate, silvery ; carina on first sternite 


entire jihilippinensis phihppinensis{^m\%\\) (ji. 212). 

5. Spots on second tergite subtriangular, pale golden ; carina of first 

sternite weakly ernarginate . ? philippinensis sinyapora Mickel (p. 212). 

6. Legs entirely black 7. 

Femora more or less ferruginous 

7. Pale s 2 >ots of second tergite elongate-ovate, large ; pale pubescent spots 

of fourth tergite small, not broader than long, separated by about 
twice their transverse diameter . . . pJnllj)piuensis wUliamsi Mickel. 
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Pale pubescent spots of second tergite subcircular, small ; pale pubes* 
cent spots of fourth tergite large, distinctly broader than long, sepa- 
rated by a space slightly greater than their transverse diameter 

philippinensis sutnbana subsp. n. (p. 216). 
8. Femora ferruginous, except their apices black ; fourth tergite with a 
broad fascia of pale pubescence, interrupted medially with black 

philippinensis skeati (Cameron) (p. 212). 
Proximal two-thirds of anterior femora ferruginous, the proximal half 
of the middle and hind femora usually distinctly ferruginous ; fourth 
tergite with a pair of lateral, transverse spots of pale pubescence, not 
extending to the lateral margins . philippinensis amartana (Zavattari). 

Timulla (Trogaspidia) philippinensis philippinensis (Smith), 1865. 

The full synonymy of this subspecies is given by Mickel in 1936, Trans. 
B. ent. Soc. Land. 83 : 228. 

This species has been fully dealt with by Mickel, and further records would 
merely occupy space to no purpose. 

Timulla {Trogaspidia) philippinensis singapora Mickel. 

Timulhi (Trogaspidia) philippinenais singapora Mickel, 1936. Trans, Ji, ent. Soc. Lond, 83 : 

229, (J. 

Holotype. — Malaya : Singapore, Straits Settlements (Baker). In 
United States National Museum. 

(J, Fedkratkd Malay States : Kuala Lumpur, 22. iv. 1928 (//. T. Pagden), 
caught on window of laboratory. This specimen has been submitted to 
Professor Mickel for confirmation. 

? 9? Straits Settlements: Smgapore, Bukit Timah, 3.viii.j912. In 
Selangor Museum, Kuala Lumpur, F.M.S. ? 9, Straits Settlements, Singapore, 
MacRitchie Reservoir, i.1947 (M. W. F. Tweedie). 

There is no definite biological evidence for associating the sexes of this 
subspecies and only the single female is at present knowm to me. On the 
evidence of locality and the fact that only one other subspecies of female, 
skeaii ((^arneron), which is probably the female of malayana ((^ameron), is 
knowm from Malaya, 1 think that the association is probalily coirect. Until 
there is more definite evidence, however, 1 refrain from creating an allotype 
and merely indicate the diagnostic features of the specimen in the key. 

Timulla (Trogaspidia) jyhthjrpinensis malayana (Cameron). 

Mutilhf mahyana Canieron, 1901, Proc. zool. Sot. Lmd. 1901 : 16, (J. 

Jlutilla ti alayana Andre, 1903, Gen. Insect. 11 : 71, (J. 

Tunnlla (Trogaspidia) philippinensis malayana Mickel, 1933, Ann. ent. So(. Amir, 26 : 395, 
cj (ne( 9). 

Timulla (Trogaspidia) philippinensis malayana Mickel, 1935, Trans. R. ent. <Soc. Lmid. 83 : 

230, J. 

Holotyjie. J, Malay Peninsula ; Bukit Besar, Jalor (District of Patani 
State), 111 British Museum (Natural History). 

Distribution. ICast Coast of South Siam and East Coast of Malaya. 
Specimens examined : Unfederated Malay States : Kelantan : 4 cJ, 
Tebing Tinggi, vii. 1920 (V. Knight). F.M.S. Museums collection. 

Fedbrateu Mal\y States : J, Pahang (no other data). 
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Siam : c?, Nakon Sri Tamarat (Nagom Sridharmraj), Ronpibun, 18. ii. 1932 

(//. M, Pendlebury), 

Mickel (1933, Ann, eat, Soc, Anker, 26 : 395) referred to skeati as the female 
of malayana, but in view of the lack of any direct evidence for associating the 
two subspecies he separated it again (1935, Trans. R, ent. Hoc, Liynd, 83 : 230), 
Since the female of sTceati and the male of rnalayana are only known from the 
lilast Coast of the Malay Peninsula, and no other subspecies is known from that 
area, the association is probably correct. The only other subspecies known 
from Peninsular Malaya is singapora from Singapore Island and the \\^est 
Coastal plain, and two undescribed females mentioned herein, both from 
Singapore Island, are included in my key as ? singapom Mickel. Subspei'ics 
siinda Mickel does not occur in Malaya pro])er, being confined to Java and, 
possibly, the nearby islands. 

Timnlla (Trogaspidia) philip pine n sis sumla Mickel. 

Timulhi (Trogaspidia) phiUppimmis sutida MkIv(‘1, 1935, Tratis. Jl. cut. Sor, Lund, 83 : 

229, 

Holotypc, - (J, Java : Sockaboemi, in Coniell University collection, Ithaca, 
New York. 

The female of this subspecies is hitherto undes(‘ribe(l. Direct evidence is 
now available for associating the sexes, a number having been tak(‘n di copfUa 
by Dr. M. A. Lieftinck, w'ho very kindly sent them to me for examination. 

V. Hoad, abdomen and legs, black; thorax ferruginous; second abdominal tergite 
with a jiair of subcircular, pale pub<»seent 8jM>ts, si^paratcd by a distance about equal to, 
or slightly less than, their greatest diam(‘t<‘r ; third tergiti' \^itli an intemijited fascia of 
])al<*, ajipresst'd pulH*s<‘cnce ; fourth tergiU* with a pair of subquadrak' spots of jmle, 
appressed pubescence, 8C})ai*ated by a distance slightb less than their transv'^erse diameter ; 
pygidial an*a rugose, tlie rugosities tending to transvem^ the apical sixth more finely so. 
Ix*ngth 10-5 mm. 

Head black, sciiljituix* and }nilH*scence as in subspecies philippiru ; antennal 
tubercles and extreme a])ex of scaja* dark ferruginous ; jiedicel and a \aiying number of 
flagellar segments more or l(*ss ferruginous beneath ; mandibles dark ferruginous medially, 
blai'k at base and apt^x ; clyiieua w'ith the angles less strongly de\elo}M‘d and the median 
tubercle smaller than in aubs])e(‘ies pliilijyphiemis. 

Thorax clear ferruginous throughout, the sculptuie and pubesi*ence as in subsjK'cies 
philipphunsis, Scutellar scale moderately well developt*d. 

Abdomen black, the second tergite w ith a pair of anterior, sub-circular spots of ajipiessc'd, 
pile, glittering pubescence, si'parated from oru* another by a distanci' about e(puil to, o” 
slightly less than, their greatest diameter; thirii tergite clothed with dense, ajiprt'ssed, 
pale, glittering pulx^scenccs the pile pul)esc<*nee reaching tht» lateral margin, interrupted 
medially with black, the interruption widened anteriorly ; fourth tergite with a pair of 
large, transverse, subquadrate sjiots of appn^ssed, jiale ]>ube8ceuce, each sjiot about two- 
thirds as wide as its transverse diameU'r, sejiarated b> a ilistance slightly less than their 
transverse diameter, the sjxits not roachmg the lateral margin ; first tergite with some 
sparse, erect, jiak* jiubescence ; antero-lateral areas of st*cond tergite with some sparse, 
erect, pale hairs, the hairs inconspicuous, the lateral margin with appressed, pale pubes- 
cence, felt line cupreous ; second and tliird sternites w ith an apical fringe of pale pubescence, 
that of stomitos 4 and 5 blat'k intermixed with some fuscous hairs ; all the sternites with 
some sj)ar8e, enx't, pale pulwscence : jiygidial area rugose throughout, tlu* apical sixth 
more finely so, the rugosity tending to transverse. 
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Allotype, y, South Java: BaiijoenuivS, Babukan, 27.iii.llK53 {M, d. 
Lieftinch) taken in copula witli and pinned on the same pin. In Zoologiscli 
Museum, Buitenzorg, Java. 

( )tlier specimens examined : South Java : Babakan, Z.K. 27. xi. 1^)32 

(i\ C. Drescher); 5 copula and 2 $, l^anjoemas, Babakan, 27.iii.19J3 

(M. /I. Liefimck) ; Penandjoeng Bay, Tjimanak, vii.1936 (M. A. Lieftinch) ; 
?, Djeroeklegi zincl Banjoemas, x. 1936 (F, ( \ Dreschcr), 

West Java : $, Palaboean ratoe, Tjisolok, 2. v. 1932 (M. A, Jyi(ff/inck) ; 

Palaboean ratoe, Tjipanas, 16--17.iv. 1933 (Af. A. Luftmck) ; (J, Buiteii- 
zorg, 25. ii. 1935 (tmu dcr Gooi) ; (J, Wyiikoopsbaai, iii.1935 (M, E, Walsh) ; 
o, Djampang Tengali, (rocaux^ng Tjisoeroe, iii.1935 {M, E, Walsh); (^, 
Djampang Tengah, viii.1935: 2 Palaboean ratoe, Tjisolok, xii.1935 
Dupout ) ; Buitenzorg, Tjiboeria, 26. iv. 1936 (J. mn der Vccht) ; (^, Depok, 
17.i.l937 (E. vau d^^.r Vcidii); $, Preanger, Hadjamandala [G, Parhtjalikan)^ 
4<M) m., V. 1937 (F. (\ Drcscha ) : 1 J, Mts. T)jam])ang Wetan, 1260 ft., Kad- 
jainaiKlala, viii. 1937 (J/. E. Walsh) ; 2 I)jam])ang, viii.1937 (J/. E, Walsh) ; 
3 Q, Mts. Djampang Wetan, 1200 ft., Hadjamandala, xi.l937 (AL E. Walsh) ; 
Q, Buitenzorg, Tjibrangbang, Mt. Salak, 1200 ft., xi.l937 (J/. E, Walsh); 
2 (^, Wynkoops, xi.l937 {At. E, Walsh). 

Bast Java: o, Wadjak, i.l935 (B'. F. Jcpsou); (J, VVadjak, 20. i. 1936 

(If. F. Jcpson). 

Middle Java: Karimon Djawa, v. 11^26 (Da^utucnnau) : Ngliri]>, 

Teak Forest near Bod jonegoro, i. 1936 (J/. E. Walsh). 

»Iava district) : Tjiboedeg bij Boland, 3.iii.l929 ; .J, Baoeng, 350 ni., 

viii.1935 ; Djembu, i.i936. 

The females vary in siz(‘ from 9 to 11 mm., with an average* of 11-6 mm. 
The colour of the antemuK* is variable, some having the ferruginous ])arts of 
th(* alloty])e partly or wholly black. The relative size* of the s]K>ts on th(‘ 
s(*con<l tergite and tlu* distaiu i* l)etwcen them varies slightly, but tlu* distance 
se})a rating th(* spots is not gr(*atei’ than their greaO'st iliam(‘t(*r. Tin* occurreuci* 
of one doubtful temale of this subspeci(‘s from Ardjasa in tin* lvangt*an Islands, 
which seem, otherwisi*, to have tli(*ir own distinct subs})ecies, is remarkabh*. 
The f(*mali* in question is too badly crushed for certain determination and lias 
not been included in the list of specimens examined. 

Timulla (Trogaspidia) philippinensis kangeana subs}), n. 

\\‘rv similar to subs])ccies suvfia Miekol from \vhi<*Ii it is at once tlist-uignishahle 
hy the veiy dark ferruginous colour of tlu* abd<»meii and by the j>ubeseen(ie of tergit(‘s 
2 to a also being very dark ferruginous or black. Stcriiites 1 and 2 bear some scattered, 
erect , ]>ale hairs and sk'rnites 2 to 5 have their a})ieal fringes with a few j)ale hairs inter- 
mixed w itli th(* darker ones. This subsjiecies agrees with mmla in the im])unctat(^ glabrous 
disc, of the second tergite and in the rather weak clyjx^al ridge, 'i'he pubescence of the 
head, thoiax and legs is similar to that of snntla. Dmgth 22 mni. 

?. Diffms from .myida in the much smaller }»ale pubescent spots, separated by at least 
theii' own diaimdei’, on the. second tergite, in the widely separated pale pubescent sjmts on 
the fourth torgik*, in having the pale hairs of the. first tergite and the antero -lateral areas 
of the 8(^cond kugite in jiai t a])pres8ed and thus more obvious than in suTida, and in the 
weakt‘ 1 * scutcllar s(;aUi. Length 13 min. 
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l£ok>type." Kaxgkan Islands : lioejoctaii, Teak Forest, 50- 100 ni., 
ii. 1930 (AJ, E» Wfdsh), In collection of Dr. J. G. Betrem, Malang, Java. 

Allotype.- ?, Kancjkan Islands : Petapan (0. Kust), secondary jungle, 
ii.l93() (M, E. Walsh), In collection of Dr. J. G. Betrem, Malang, Java. 

Paratypes.— Kanoean Islands: 4 Petapan ((). Kust), secondary 
jungle, ii.l93G {M, E. Walsh); Boejoetan, teak forest, ii.l93() (A/. E, 
Walsh) ; Tembajangan, teak forest, ii.l930 (M, E, Walsh) ; d Paliat 
eiland, iii. 193(5 (no collector's name) ; 2 Aegsn-Kokap, Nord-kust, iii.l93G 
{M, E. Walsh). 

Other specimens examined : a single ^ without any data is attributable 
to this subsj)ecies. 

The j)aratypes vary from 17-24 mm. in length. 

This subspecies apj)ears to be quite distinct and can be readily picked out 
from among specimens of subspecies sunda without the use of any optical aids. 
Sul)sp(‘cies sH.nda may, howevcT, <‘xtend to the Kangean Islands as is indicated 
hy a much-crusli(‘(l female, which app(‘ars to be sunda, labelled Aidjasa among 
nratej'ial subniitt('<l by Dr. J. van der Vecht. Dr. van der Vccht informs me 
tliat this s])(‘cimen was one of a consignm(‘nt of papered insects from both the* 
KangcaTi Islands and tin* mainland, sent to him at the same tini(% but he does 
not think it likely that it b(‘canie mixed u]) with th(‘ wrong material. There, 
is tJiis slight ehunent of doubt, however, whicli further collecting in these 
Islands Will clear up. 

Th(‘ s(\\es have not l)(‘(‘n taken rojuda, l)ut it is (extremely unlikely that 
there should be anothiM’ siibspeci(‘s in such a comparatively small area as the 
Kang('an Islands and it s<'('ms saf(‘ to assume that the sj)(‘cimens recorded 
above an* th(‘ sexes ol om‘ and the same subspecies. 

Timulla (Trogaspidia) philippinensis paloeana subs]), n. 

J. [bvid, tlunfix auil lc^^s ciitir(‘ly, alKloinimil w'gnieiits 1 and 5 luuslly, 0 and 7 (‘iitirelv, 
black ; clot lied wjlb moderate, erect, and shorter, deenmbent, Hj>arB(‘, black ])ube.sc(‘nee ; 
dis<* of second termite glabrous, nn punctate ; face with a considerable amount of jiale 
]mbesc(*nc(' ; iironotum and dorsum of propodeon with black pubescence. Length Jo 
to IS mm. 

Jlrad black, tin* lateial pub<'acenc(‘ betuiHui the e\es and cly]»eu.s dense*, decumbent' and 
silv<‘ry ; the tuft of hair abo\e the chpeus tawny; the appressed jiubescence bet\\e(*n 
the ant(‘unal scrola's pale golden ; the erect pubescmice on the frons, particularly in the 
emargination of the <‘y(‘S, V(*ry dark cu]»reous ; er<‘ct jmbescenc.e on the \(Ttex black, with 
a cupreous sheen basaiU , the }>\d>t‘seence becoming jiale towards the occiput ; pulK‘Scence 
on g(‘nae and head laaieath jiale tawny ; mandibles clothed basally with short, decumbent, 
}>ale pubt‘s<‘ence, inter8})ei’s<*d with longer, erect, pale hairs; median longitudinal ridge 
of cly|H'U8 modern t(‘ly elc'vated, much more so than in siib8[>. philippinensis and almost as 
much as in subs]), singapora. 

Thorax black, with black pulx^scence ; doi*sum of pronotum clothed with spam*, erect 
and sub-enud , black ])ub(*sc<aice, beneath whicli is a dense ])ile of very short, dark cupreous, 
pulx'scence j)osterioiiy ; sides of jironotum anteriorly with ])ale pubescence ; mesonotuin 
scutellum and rnetanotum with black pubescence, the lateral fovea of the scutelluin and 
metanotum with line, jiale taw iiy imbeseeiiee : dorsum of propodeon with line, sjiarsf*, 
decumbei t, black jiubescence, inU'rsjiersi'd with sub-erect, black hairs ; sides and posterior 
face of ])ropofleon with 8])arse, long, eiivt, jiale jmbescenei* ; ])re})eetus with sjiarse, })alc 
])ubcscence ; meso])leura with sparse*, ert'ct, black pulH'Sccnce on the dorsal third, the 
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remainder with sparse, erect and sub-erect, i>ale tawny pubescence ; metapleura micro- 
pubescent. 

Abdomen clothed with sparse, black pubescence, except the base of the first tergite and 
the first ateriiite with pale pubescence, and the posterior margins of sternites 2 and 3 with 
a tliin fringe of aeneous pubesoence intermixed with black pubescence ; first tergite black, 
indistinctly nifescent on the apical fourth ; tergites 2 and 3 wholly ferruginous, disc of 
two impimctate ; tergite 4 mainly ferruginous, but with a triangular, median, black 
suffusion, its apex ant('rior ; tergite 5 black, except the anterior lateral thirds ferruginous ; 
tergites 6 and 7 black ; first stemito black, its carina high ; second to fifth sternites ferru- 
ginous ; remaining sternites black. 

Legs black, clothed with pale pubescence, intermixed with cupreous pubescence on the 
tarsi beneath and on the intermediate and posterior tibiae above ; calcaria pale. 

Whigs as in the other subspecies. 

9 . Very similar to that of subspecies sunda Mickel described above, but differs in the 
strongly golden colour of the pale maculae and other pale pubescence. Sub-erect pulx's- 
oence of the frons with rather strong coppery reflections ; pale pubescence of genae and 
clyi)ou8 distinctly golden ; median tubercle of clypeus feeble ; apex of scape dark fen*u- 
ginous ; vertex with a subquadrate patch of dense, appressed, black pubescence on either 
side of the median lino and extending to above the eye (present in other subspecies but not 
so marked). 

Thorax clear ferruginous ; scutellar scAle only feebly indicated, slightly notched (but 
this may be inconstant). 

Abdomen black, the pale pubescent spots of the second tergite large, subcireulai, 
strongly golden, sepamti'd by a distance slightly loss than their greatest diameter ; felt 
hue cuiireous ; pubescence of lateral margm of second tergite dense, i>ale golden ; antero- 
lateral areas of second tergite wdth spam*, but conspicuous, en^ct and appressed pale hairs ; 
third tergite clothed with dense, apjiK^ssed, jiale golden pube8ceu(*e, slightly jialor than the 
jiubesconce of the spots on tlu' second tergite, widely interru])ted mt>dially with black ; 
fourth tcTgito vMth a pair of large, subquadrate maculae of dense, apj)ros8<»d, pale golden 
pubescence, sejiarated by a space slightly less than their transverse diametei, which is 
about equal to the lateral aieas of black pubescence ; fifth tergite with black puliesceiic<’ ; 
anal fringes pale golden ; jiygidial aiea rugose throughout, the api(*al sixth more finely so ; 
a]ucal fringe of second and third stenutes dense, jiale golden ; that of the fourth and fifth 
black, interspersed with some pale hairs. 

black ; calcana pale ferruginous ; tibiae with nuKieiately dense, jiak* golden, 
recumbent pubescence, much more pubescent than in subspecies sunda, L(*ngth 12-5 min. 

Holotype. -J. West Celebes: Paloe, xii.l93G {native eollect(rr), la 
Zoologiseh Museum, Buitenzorg, Java. 

Allotype. West Celebes: Paloe, xii.l93f) {native eoUeefor), In 
Zoblogisch Muheiim, Buitenzorg, Java. 

Panityfies : 4 (^, West Celebes : Paloe, xii.l93() {native eol lector). 

Tile allotype is the only speeimeii of the female and it was not taken ut 
copela with a male, but from a study of the females of subspc^cies nmida, which 
it closely resembles, and from the fact that it was taken in the same lo(\*ility 
and at the same time as the males which I have associated with it, 1 do not think 
that there (*an be much doubt that it is correctly assigned here. 

Timulla (Trogaspidia) philippinensis sumbana subsp. n. 

V. This 8ubspt»cios more closely rf^scmbles subspecies philippinensis in that it has an 
011 ^ lie, jiale fascia on the tliird tergite. Jt differs from the other described females as 
follow b : Antenoi sfxits of second tergite small, pale, brassy, separated by one and one-half 
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times their greatest diameter ; third tergite with an entire faseia, slightly, but distinctly, 
golden ; fourth tergite with a pair of small, subquadrate spots of appressed, pale golden 
pubescence, separated by a distance greater than then tiansveise diarnotc^r , latoial iiigae 
of pygidial area tending to longitudinal striae. 

Legs black, the tibiae moderately densely clothed with jialo, recumbent pulx)scon(( 
Length 16 mm. 

Holotype. “ Mao Marroe, 450 m. v 19!15 (K \\ Dammerman) hi 
collection ZoologiHch Museum, Buitenzorg, Java. 


Tvmulla (Troqaspidta) hatamana (AneW). 

Mnhlh hataviana Andre, 1<K)9, Notes Leyden Mns 31 177, cJ 

Ttmnlla (Troqnspvdta) hataviarui Mickel, 1935, Trann R (tit <SV>r. Ijonl 83 2W ^ 

Tyi>e c?» J«iva, in Leyden Museum. 

Other specimens examined E a.si J \va Malang 2 rj', in 1913 and iv 193 1 
(Belrem) Wksi Java 2 Gimong Tjampea, 2X)\) m , 30 iv 1035 (j^ mo 
det Vechi), 



Fn s 13 14 — (13)“’ Median area ni (hi^eiiH of / {T ) hatana m ( Xndii ) j (14) St i]»e, 
peduel and (Imt flagellai stirnunt of light xntcnui ot 7 (7) baUnutna ( Vndit), J 

Tlirough the good oltices of Mr. K. H Benson ol tlie Hi itish Museum (Natural 
History) I was able to examine the type while on leave m 1919 and to Andre’s 
original description 1 would add the following, supjdememtaiy lemarks 

Median artMi of chqieus m tlu foi in of an iiregulai , elongati pi nCi^oii, of hii h thelaicial 
margins aio slightly coniaxe , surface of nu^dian area feebly coiua\( , highlv polished and 
shining, ex( ept the dorsal thiixi m ith minute, < lose, stq>aiate punc tuies ind tme jhiIk scene , 
antenor margin fetddy emargmate, \^ith a broad, transverse, submaigiiial fovea 

Sca))e shghtly tvMstcd, dilated at base and api\, somi what flattened benedh with two, 
widely separated (arinae, which coalesce at the ajiex to foim a single, prominent ridge , 
space between the lannao jiohshed, with a few, minute nigulosities , ajiev of sca}>e e\tei 
nally ferruginous, the mnei angle with a small tuft of pale golden piibesociKe , pedidl 
constneted basally, whei*e it is luteous, flattened beneath and with a distinct fringe of pah 

* The pubescence has been omitted entirely m the diawmgs of the traio group and oiih 
the two rather obvious fimges of hairs are luduated m the drawing of the antesun of 
baUuxona, though both scape and jiedicel aie pubi sdiit 
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golden pubescence on the inner margin ; first flagellar segment flattened, the basal third 
white ; rest of antennae black. 

Dorsum of proptideon with appressed, ))ale golden glittering pubescence. 

Second sternite with five distinct areas, the lateml ones triangular, densely, con- 
fluontly y)unctate, separated from the three ventral ones by a distinct carina ; ventrally 
there are two latero-basal, flattened, confluently punctate areas, sejmrated medially by a 
longitudinal, cariniform gibbosity, and a lunate posterior area, se])arated from 1,he basal 
areas by a smooth, polished bevel, the area itself flattened and finely, longitudinally 
divergently rugulose, almost striate, along the j)Osterior margin ; third to sixth stornites, 
with a few, fine, longitudinal rugulosities along the posterior margin medially ; third 
and fourth sternites simple ; fifth sternite black, with a pair of small, lateral, glabrous 
tubercles, defining a small, lateral, confluently punctate, triangular area ; sixth with a 
pair of strong, lateral, convergent carinae, extending from the extreme baso-lateral angle 
almost to the posterior margin, and demarcating a distinct, lateral, punctate area ; seventh 
with a similar structure, the ridges closer, the area between them conca ve, polished and 
shining ; hypopygium with a strongly (devated, glabrous and polislmd, lunate basal area, 
narrowed at the apex, where there is a small, median, subaj)ical fovea, extending from the 
base to two-fifths, the structure apparently formed by the coalescing of a ])air of ridgf's 
similar to those on the ])receding sternite. Third to fifth tergites each with a distinct, 
wedge-shaped, lateral spot of appressed, golden pubes(^en(^e. 

Intermediate coxae distinctly flattened beneath, glabrous, ]»olish('d and shining, except^ 
the posterior margin with sparse, ]>ale pubescence ; ])ostcrior (*oxao slight ly flattcncul 
beneath, wholly pubescent. 

Length fl mm, to 11 mm. 

The remarkable form of the antennae, the live areas of the second sternit(* 
and the lateral armature of th(‘ fifth to seventh stvrnites ar(‘ characters which 
a])pear to lie unique. 


Snhirroniffrnkc Thomson. 

Sm i cfomyrmc Irlly i Fa gd ei \ , 

Snnrramyrwf Irllyi Pagdi'n, 1934. J. F.M,S. M us. 1 : 43!), 

ThnulUi {Tro(/(tsj)uIia) h'lhji Mickel, l!)3r>, Trans. H. fut. Sttr. Ijovd. 83 : 2b7. j. 
Siuirrmiynuf* Icpddiheusis Mickel, H)3r>, Trans. R. onl. For. Loud. 83 : 2!)0, Y* 

The above synonymy must now lx* published as the result of the* captun' 
of a male and female in copula on JH.viii. 1940, by Mr. N. ('. K. Miller of the 
Department of Agriculture*, S.S. & F.M.S. 

The pair were* captim^d on a lilade of Itnperafa cylindrira Jh*auv. (lallang 
grass) near the res(*rvoir at Kuala Hleh, and were giviui to uk* whib* still alivi*. 

While I have always had a strong feeling that rny original association of 
the, sexes of this si)ecies was corre(*-t it was im])Ossible to lx* certain until direct, 
biological evidence was olitained. The existing diagnosis of the gen(*ra Stni- 
ennnyrnu' and Troyaspid/ia entin'ly justifies Professor Mick(*)’s action in remov- 
ing the male from Hmiormnyrme and placing it in Troyaspidia. Before writing 
t.his note 1 communicated with Professor Mick(0 on the suliject and Ik* has very 
kindly examined a number of other ''Troyaspidia ” males which have similar 
characteristics to the male of hdlyi and has also sought for other charact(*rs 
which might be used in separating the two genera. In his reply to me he 
points out that the scap(* in Hmiccotnyrme. is relatively imudi shorter than in 
Tf'oyaspidiff. and that tin* ]>edicel is very short and disc-like, without distinct. 
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erect hairs, very similar in texture to the first flagellar segment, whih' in 7Vo- 
gafijndia the pedicel is not disc-like, though short, and is covered with erect, 
stiff hairs. 

1 am very grateful to Professor Mickel for pointing out these characters, 
which will certainly make it possible to plae e >som(‘ rather d()ul)tful males mon^ 
correctly. 

Some further locality records for this sper ievs ( an now given : Malace a : 
Sungai Udang, fi.iii.3f) (//. T. P.). Sedangor : Serdang, 3 V, 3.iii.3(i, 
2fi.viii.37, J3.xii.37 (77. T. P ,) ; Bangi, 11 .i.40 {N, (\ E, Miller) ; Dengkil 
25.v.l94fi; Ampang Rewrvoir, 4 V. 9.vi.4fi (//. T. P.). Pahang: Kuala 
Tahan, l2.iv.4fi (M, W. F. Tweedie), 

Smicromyrme athalia sp. n. 

rS. Black, except the mandibles with a pre-n])ical ferni^^itious cloud, i ludr a j)iccs ])iccoiis, 
and the te^rulae teatacieous, clothed ^\ith sparse, silvery piilx'scencc. with a few, dark, 
enxd hails round the eyes. Wings clear at the base, slightly smoky towards the iijiex. 
Mandibles w ith a single pre-ajiical tooth, strongh excised bem^ath near t he base. (’ly])eiis 
de]»(‘ss(xl, but not Ixdow the surlace of the mandibl(*s, the margin ])roduced in thc^ mexlian 
half, w'hk li is w'id(‘ly and very shallowly einarginatc*, elotluxl with moderately demse and 
modtuately long, dexaimlxMit, silvery pulx^seenee. I>‘ngth 7-2 mm. 

Jhad black, ('\ce])t the mandibles ferruginous on their iniUT surface and with a pr(‘- 
a picul f<*rrugmous eloml exU>rnally, theur apices pieeous, elothexl with s|xirKe, long, erect, 
silveiy ])ub(W(‘nee nit(‘rsj)erse*d with shorter, sub-er(‘et piil)(‘st*en(*e on frons and vert<‘X, 
long and d(*eumbent jmheseence on the elyjxnis, shoit and a]>pr(‘ssed puheseenee round the 
postenoi margin of th<‘ eyes, and with a f(‘w, long, erect, dark hair‘8 round the ey(‘s and on 
t he oceijnit ; frons and v(*rtex longitudinally striate, w ith .small, shallow' punctures between 
the striae; emargination of the eyes with small, shallow, eonfiu(‘nt ])imetiire8 ; genae and 
vertex vvitli small, close, separate ])unetures ; surface of gemae hetw c(*n the ])unctures 
dull and microrugulose ; clvjK'us d(‘])r(*ss(‘d, the m(‘dian portion of the* margin very 
shallowly and widely emai’ginate, with a suhmarginal impiesssion ; surface of clypeiis very 
linedyand clo.x*1y ]mnctaU* : me*dKin arc.i triangular, conra\c within, the lateral arms tci - 
minating just before* the lateral angle*s of the* prexluetion : sea]x* distinctly Incaiinate 
lx'ne*ath, eonflimiitlv ]mnetate* on the inner and dorsal surfaet*s and with e‘\et*edingly 
minute\ se'jiarate puneture*s externally, elothe*d with s])ar'se, siherv puhe*seenee ; p(‘dieel 
and tii*st flagedlar se'gme*nt black, clothed with short, downy pulx'setmie ; r'cst of flagedlum 
mi(*r*orugulosc, the seulptun* giving it a eiiure'ous appearance* ; se'cond tiag(‘llar s(*gment 
about tw'ice as long as the first, w Inch is \e*ry shoit nnel only a little longe*r t ban the* pedicel, 
third a little shertcr tlian the se*cond ; antennal se robes caiinate above ; ocelli in an isos 
ee*les tr’iaugle widest, at the base, median ocellus alxmt om* and one‘-half tim<*s the diameter 
of a l.iieral eu'cllus ; maiidible‘s de*eply e*\eise*d be*ne*ath, ferming a sti-oiig, blunt, conic a’ 
texith, their apiei*s simple, with a single pre-a])ical tcxrth inwardly. Ke'lative widths e>t 
he‘ael and thorax ineduding the le'gulae. 1 U : M(> (mieromete'r rt*a(lini: 4-4 : .■)•!). 

Thorax hljiek, (*xee^pt the* te*gulae te*staeeem.s, elot}ie‘fi with s]xvrse*, silvery ]>uhe.seeiu e, 
with a fe^w^ darker hairs on the me.Hexiotum ; ])ronotum with riioderatedy de*e]), small, close* 
jmnetures, the surface polished exce‘pt along the* anterior margin, w here it is dull and tinelv 
riigulose, skiers of proiiotum mieroredieulate, with a few longitudinal costae ])ORlpnoily, 
(!loth(*(l on thee dorsum with s|)ara(*, tre*<*t anel .shorU*r, de« nmhent, ])ale piilx‘seenee*, the* 
pulroseeiieo on tho po.sterior margin nior’c de*use, laterally almost glabrous; rnesonotum 
wdth moderate*, elosee ])une*turos, somev of them confluent, the surfac e poUsh(*d and shining, 
cdothed with v^eiy sparse, .snb-ore*(*f , pale* ])iib<*H<*e*nc*e* anterioriv ; nuHlially, late*rallv ami 
po8U*rie)rly w'ith suh-trex*t, black puheseenee* ; longitudinal irnpr-e.ssions rc*aehirig nc*arly 
to the* ante*rior mai*gin ; .sc*u1e‘llum close'ly, ecmfliic‘ntlv puimtate*. its lat(‘ral couc‘a\ it ie*s 
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with dense, appresscd, pale pubescence; metanotum rugulose, the lateral foveaeiilled with 
appressed, pale pubescence ; propodeon fairly evenly reticulate, with three basal areas 
iilled with appressed, pale pubescence, without a well-defined median area, but with an 
irmgular, median space on the basal third, clothed with very s|>arse, erect, and sparse, 
shorter, doc urn bent, i>ale pubescence ; prepectus finely rugulose ; mesopleura finely 
punctate and very finely rugulose, clothed with appressed, pale pubescence, intersperaed 
with some longer, on^ct, pale hairs ; metapleura finely pubescont, polished and remotedy 
micropunctato, the einmeron microrugulose ; sides of propodeon polished and shining, 
with broken reticulations towards the domum ; togulae testaceous, polished and with a 
few scattered punctures anteriorly, clothed with pale pubescence anteriorly and along the 
inner margin. 

Abdomen black, clothed with sparse, erect, pale, pubescence, except on the apical two- 
thirds of the sixth tergito and the whole of the seventh tergito, where the pubescence is 
bla<‘k ; tii-st and second torgites with a distinct, third to fifth with a less distinct, apical 
fringe of pale pubescence ; firat tergite with a clear, polished space on the anterior slopes 
laterally and dorsally with moderate puncturt‘8, liecoming finer towards the apical margin ; 
second tergiti' with moderate, separate punctures, coarse and close laterally, fine and close 
anttTiorly and posteriorly, witli a well developed felt line fuscous ; third to sixth tergites 
with very fine, close, separate punctures on the dorsum anteriorly, the rest with remote, 
moderately fine punctures, coarser and closer laterally ; tergites 3-5, and fi anteriorly, 
clothed wnth sparse, erect, pale pubc'scenco, decuml>ent and forming a thin fringe posteriorly 
and with short, sparse, decumbent pubescence on the anterior, finely punctiito })ortion ; 
j) 08 terior half of sixth tcrgHe with sparse, erect, black jmbescence ; seventh tergite rela- 
tively coarsely, copfluently punctate, with an ill-defined, elongate space medially, sides 
of space parallel, apical margin membranous, the tergite armed on the postero-lateral 
third with a short, glabrous ridge tennmating at the latcnal angle, clothed with spaise, 
erect and short, sub-erect, black ])ubeacence ; firat sternite confluently punctate, the carina 
long, low and sxiinostdy jirodiu'cd posteriorly, clothed with spai’scs tu*ect, pale pubescence 
and with a thin, apical fringe of shoi’t, ])alo pubescence ; stu'ond sternite evenly curved, 
almost flat in profile, the extreme anterior face sttx'jdy sloped and with a median, finel> 
puiK’tate and slightly gibbous area on the brow, with moderate, separate puncturc*8. more 
remote than on the tergite, with a short felt line about half way along tlio side, clothed wdth 
sjiarst', erect and sparse, decumbent, pale juilx'sccnce, and with a thin, apical fringe of 
yialo pubescence ; third to sixth sterrntes transversely microstriato anf/onorly, finely and 
closely punctate on the normally exposed surface, clothed with sjiarsc, erect, pale pubes- 
cence, each with a very thin apical fringe, interrupted medially ; sixth sfrrnite widely 
and shallowly emarginate ; seventh sternite moderately finely, closely ])unctato, clothed 
with sparse, eriH't and more dense, decumbent, fuscous pubescence. 

Wingh sub-hyahne, infuscatc aiucally, veins piceous ; r ell Rg receiving vein M .,^4 
slightly before the middle ; cell R f 1st Ri longer than cell 2nd Ri -f R^. 

Ijpg^ black, except the antt'nor coxae, trot'hanters, and the oxtrimu* base* of the femora 
tinged ferruginous, (iothed witli pale imbt'scence ; calc ana ])al(» ; tarsal pecten testaceous ; 
claws ferruginous. 

O. Hoad black, except ciypeiis, basal two-thirds of mandibles, antc^imal tubercles, 
sca^X' and part of flagcilum beneath, ferruginous, with a more or less rectangular jiatch 
of golden pubescence on the vertex ; thorax ferruginous, with a small wedge of pale, glitter- 
ing pubescence at the promesonotal angles ; abdomen bUck, exeept the* fimt segment more 
or l(‘ss ferruginous, the second tergite with three sfiots of appressed, glittering puliescenco, 
the median s])ot golden, the lateral ones silvery ; third tergite wholly clothed with appressed, 
pak^ glittering pubescence ; fourth similar, but widely interru})ted medially with black ; 
pygidial area strongly, longitudinally and divergently striate on the basal two-thirds ; 
legs variegated with fernigmous and piceous. Length 6 mm. 

Head black, except the basal two-thirds of the mandibles, the clypeus, antennal tubercles, 
scapes pedicel and first two flagcllai 8<*gments, dark ferruginous ; clothed with sparse, 
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erect, dark hairs on the frons, vortex and genae, interspersed on the frons with shorter, 
sparse, sub-erect, picoous pubescence, except above the antennae, where this pubescence 
is golden ; vortex with a more or less rectangular 8X)ot of sx)ar8e, decumbent, gold(^n 
pubescence, about three-quarters as wide as the vertex ; genae with sparse, appressed, 
pale, glittering pubescence ; mandibles simple, their apices piceous ; clypeus feebly erriar- 
ginate medially, the median area in the form of a narrow, raised triangle, with a small, 
median tubercle ; base of mandibles and clypeus with sparse, pale golden hairs ; antennal 
tubercles ferruginous, glabrous, shining and with one or two shallow punctures ; sc.aiM^ 
ferruginous, shining, with a few shallow punctures and clothed with sparse, decumbent, 
pale, glittering pubescence ; pedicel and first flagellar si^gment ferruginous, second 
ferruginous beneath, picoous above, the rest shading through incoous to black ; 
first and second flagellar segments subequal ; antennal scrobes carinate above ; frons 
moderately coarsely jiunctate, coiifluently just above the antennae, the punctures 
distinct and separate aixive, becoming finer towards the vortex; vertex finely, closely, 
confluently punctate ; genae with fine, close, separate punctures ; gula finely transversely 
striate ; malar Bjiace with fine, separate punctures. Relative widths of head and thorax 
1-2 : 10 (micrometer reading 4-2 ; 3-5). 

Thorax fm’inginous, nan’owod medially, humiTal angles rounded and about as wide as 
liosterior angles ; coarsidy, confluently jumetato, with a wide, but low, polished scutellar 
scale, on either side of which are a few scak*-like denticles ; dorsum of propodeon conflinmtly 
punctate on th(* basal two-thirds, jiosteriorly polishi'd, with a few, shallow jmiictures at 
the base and minute, closes separate juiiu'tures apically ; dorsum of thorax clothed with 
sjmrse, ertMjt, bristle-like, dark hairs and clow*!*, decuml)(*nt, dark pub(‘8cen(?e, intersjK^rsed 
with some glittering, coppery pubescence ; luo-mesonotal angles with a small wedge of 
aj»]>r(‘SHed, jialc, glittering jiul>escene(' ; dorsum of propodeon with sparse, ertujt, jiah^ 
])ulJt^sccnee ; sides of jironotum ini(5roj)unctate ; jirepectus longitudinally microrugulosc*, 
with a f('W shallow jmnetures j)osh*riorIy ; ineso- and mota])lt5ura microriigulose above, 
mi(!roreticulat(' below, clothes! on the ventral third with ajqiressed, ]ial(‘, glittt'rmg jiulx's- 
cence : sides of propodeon shining, with a few, scattered, fine, shallow jiunctures above, 
inieiopunctat/e ventrally. 

Ahdotuvti black, exocjit tlu' first Mginent feiruginous, its tiMgitc apically ])iceous ; the 
A\hole i)f the first segment, and the lest of the abdomen beneath and laU'rallv, clotlaHl with 
\ery s]>arse, moderately long, erect, pale jmb(‘scence ; Nccond tergite with v(‘rv sjiarse, 
<‘rect. black ]Mibescenc<* ; tergites 3 o with mixed, erect pubescence; first teigite with 
nwxh'rate, confluent j)uncturi»s latt‘rall\, s(‘|Ki!*ate dorsall>, nucropunctate Ixdween, with 
a thin ajiical fringi' of long, ]>ale h<iirs : s(*cond U'rgite with dense, modmate punctures, 
liner laterally, conflui'iit basallv and dorsally, density clothed witli decumlH'iit, black 
jmlM'scencc and decorated with three oval siKits of dtuise, appressed, glittering jaibt*scence, 
arranged in a transversi* line slightly anti'rior to the middle, tlu^ lati'ral spots sihery, the 
iiK'dian one larger and golden ; ft‘lt line fulvous ; ajK‘X of tiTgite inqin-ssed, iinpimctatc', 
without a fringe*; third te'igib* entirely clotheel with dimse*, ajipn'sstal, pale, glittering 
golden jmbescence, finely and densely punctate win rc the sculpture is visibU,, the margin 
imju'essi'd and impunctab' ; fourth tergite finely ami densely tumetab*, clothed with ap- 
jiressiai, ]»ale, ghtb'ring ])ub(*scence on the lateral thirds, the nuHliau third w it h apj)ress<*d, 
black pulK\scence, narrowed anteriorly, margin impressetl, impuncbite ; fifth teigib* finely 
and densely punctat.<% elothi'd with apjiressial, black pulM*sceni*e, except exti’cine laterally 
the })ulH'scence long and }mle, margin imprevssed, impimctato ; sixth tergite finely and 
densely punctate laterally at the base, with a lateral i>eucil of fulvous hairs; pygidial 
area defined by a carina, strongly, longitiulinally and slightly divorgi'ntly striab^ on the 
basal two-thirds, apical third polished and shining ; first sterniii* finely rugulose, the carina 
feeble and only slightly elevated iiosteriorly ; sec*ond sternite- wdth moderate, sojmrate 
punctures, finer laterally, with a feebly conea\e aiva antero-lati‘rally, the anterior inargiii 
wdth a triangular artui, finely and densely juinctate and finely pubescent on the brow% 
clothed with a sjMirse, eri'ct and sparse, sub-erect, pale iiubesi^encc and with a thm apical 
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fringe of pale pubeacenoe ; third to fifth stornites finely, transversely striate extreme 
basally, minutely and lemotoly puuetate medially, finely and densely punctate, apically 
clothed with sparse, erect, pale pubest'ence and with a thin apical fringe of pale pubescence ; 
sixth stemite finely, transversely striate extreme basaUy, finely and densely punctate 
except the extreme apex impunotate, with erect, pale pubescence ; second to fifth stornites 
with the margin impressed, impunotate. 

Legs. — Coxae and trochanters ferruginous ; anterior femora, tibiae, metatarsi and last 
tarsal segment piceous, tarsal segments 2-4 ferruginous ; intermediate femora and tibiae 
piceous, except the base for at least one-third ferruginous ; intermediate and posterior 
tarsi dark ferruginous ; clothed with sparse, pale pubescence, that on the tarn beneath 
somewhat fulvous ; calcaria pale. 

Holotype.— Federated Malay States: Kuala Lumpur, 24.V.193G 
(No. 0242) (H. T. Pagden). In Selangor Museum, Kuala Lumpur, F.M.8. 

Allotype.- 9* Federated Malay States: Kuala Lumpur, 23. v. 1936 
(No. 0240) (//, T. Pagden). In Selangor Museum, Kuala Lumpur, F.M.8. 

Paratypes. Federated Malay States : cJ, Kuala Lumpur, on bamboo, 
24. ii. 1928 (No. 142) : 2 Kuala Lumpur, on bamboo, 4.iii.l928 (Nos. 209 
and 270) ; <J, Kuala Lumpur, on Bamb^isa nana, 12.iii.l928 (No. 319) ; c?, 
Scrdang, Selangor, on CAirus hmon, lO.iii. 1928 (No. 341) ; (^, Kuala Lumpur, 
at lighr, 22 . iii . 1928 (No. 368) ; 9) Serdang, Selangor, on lemon leaf, i 8 . iv . 1 948 ; 
(J, Kuala Lumpur, on Ba'ivira.m nana, 19. ix. 1928 (No. 880) ; Idu Klang, 
Selangor, 25. viii, 1929 (No. 1221) ; 3 c? and I 9» Selayang, Selangor, 12.x. 192i) 
(Nos. 1317, 1318, 1320 and 1321) ; 9, Kuala Lumpur, 8.xi.i935 (No. 038) , 
9, Kuala Lumpur, 17. xi. 1935 (No. 051); 2 9, Kuala Lumpur, 18.00 hrs., 
2.ii.l936 (Nos. 087, 088); 5 9, Kuala Lumpur, 18.30 hrs., 3.ii.l930 (Nos. 
089 093); 9> Kuala Lumpur, 08.30 hrs., 8 n.i930 (No. 096); 3 9> Kuala 
Lumpur, 18.30 hrs., 9 ii.I936 (Nos. 099 0101) , 3 9, Kuala Lumjmr, 17.3<> 
hrs., 15.il. 1936 (Nos. 0103 0105) , 3 9, Kuala Lumpur, 15.30 hrs., 22. ii 1936 
(Nos. 0123 0125); 9? Kuala Lumpur, 18. iii. 1936 (No. 0133); 4 9i Kuala 
Lumpur, 26. iv, 1936 (Nos. 0210-0213) ; 3 9* Kuala Lumpur, 29 iv. 1936 (Nos. 
0214 0216): 9» Kuala Lumpur, 6. v. 1936 (No. 0234); Kuala Lumpur, 
24. V. 1936 (No. 0243). All collected by the author. In some cas(‘s the time 
of capture is given, as this species seems to be active later in the day than 
others. 

It is perhaps dangerous to assume the sexes to be of the same s})ccie8 in tlie 
absence of any direct biological evidence. A careful search has, however, 
been made wherever the female has been abundant and. ex(‘ept in one instaiu*(*. 
the only male Smicrmnyrme found were of the species described above. 

Smicromyrme decora (Smith). 

MuiilUi (le(ora Smith, 1879, Descr. new JSp. Uym. : 200, J. 

Muhlh decora Dalle Toirc, J897, (Uti. Hym. 8 : 30, ?. 

Mufilht duora Andre, 1903, Geii. Insed. 11 ; .39, 9- 

Smi( romyrrne decora Pagden, 1934, J. F.M.S. Mas, 17 (3) : 4H5, jL 

Srnurowynm decora Mickel, 19.35, Trane. H. tni. Soc. LtmL 88 : 288, 9 . 

Holotype. -9> Straits Settlements : Penang Island. In Jlritish Museum 
(Natural History). 

So far no description of tlie male has appeared, though I recorded a host 
of this sjiecies and mentioned the fact that I had obtained a mating between 



the sexes in 1934, J, F.M,8. Mus, 17 (3) : 465, At that time I was uncertain 
whether this male might not have been described under another name. Since 
that time I have not been able to find any described species which agrees with 
the males herein dealt with, 1 have submitted my specimens to Professor 
Clarence E. Mickel, who has very kindly examined them and reported that he 
was unable to ascribe them to any known species. It seems desirable, therefore, 
to record the discovery of the male more exactly than I have hitherto done, 
and to place on record a description. A redescription of the female, based on 
the type specimen and on fresh material, may aid in the exact determination 
of this rather conamon species. 

Head black, finely, confluontly puactato medially, the punctui-es sejuratts on the 
frons laterally and on the vertex, clothed with very sparse, erect, black pubescence on the 
frons, vertex and just behind the eyes, with 8j>ar8t‘, erect iwile pubescence on the j>ost- 
vertex and occiput and with sparse, decuinbtmt, aeneous pubescence between the black 
pubescence on the frons and vert<^\ ; genao with (‘lose, separate punctures and sparse, 
decumbent, i)ale pubescence ; antennal scrobes feebly carinate above ; antemial tubercles, 
scape, pedicel and first flagellar segment light ferruginous, second flagellar segment dusky 
ferruginous, the remainder bla(‘k (in the tyi)o the third flag(‘llar segment is dusky ferru- 
ginous, the remaining segments dark fuscous, paler beneath) ; clyi)eu8 light ferruginous, 
the median area very narrow^ly triangular, strongly laised, terminating in a median, suW- 
marginal tuliercle ; margin of clyjieus transverse, evenly rounded laterally ; mandibles 
jMil(‘ ferruginous, their apices piceous, simple, with a single, feeble, pre-apical tooth on their 
inner margin ; cheeks beneath with a modenite, obtuse, dentiform tubercle near the 
mandibular articulation. 

Thorax ferruginous, with dense, moderately small, confluent i>uncturc8 ; scutellar 
scale small, rather variable, flattish and narrowed posteriorly ; clothed wnth very sparse^ 
eriH’t, black pubescence and sparse, short, decumbent, jiale aeneous pubesceiu'c ; thorax 
(ntudy nan owed posteriorly, the lateral margins of the dorsum somewhat crenulate ; 
jirojKideon steejily rounded from the dorsum, shallowly reticulate on the brow, feebly longi- 
tudinally rugulost* and with a few. small, 8|>ar8e punctuivs jiosUTiorh , with sparse, erect, 
pale pubescom^e ; t hoi ax laUuvilly^ micropunctate and micropubesc^ni, with a jiatch of 
decumbtmt, pale, ghttenng pulx»8(*ence alxive the intormediaU^ coxa(‘. 

Abdomen black, with dark bluish reflations on the 8C‘cond torgil<* ; lii*st tergite ferru- 
ginous, with sparse, fine, shallow punctures and sjiarse, (uoct, pale pubescence; second 
tergite as above, with dense, small, 8C*parate punctures, somewhat c(mflu(‘nt miKlialh, 
with a small, antt'rior, median sjKit of appressed, pale ]>ubescence, clothed wnth sjiarse, 
ertict and more dense, decumbtmt, blai'k pubescence and with sonu' ^e^y fin(‘, decumbent 
pal(‘ jmbescence, the iKisterior margin with a moderately broad fascia, widened medially, 
of apprised, jmle, glitt(‘nng pubescence, finch and densely punctate beneath the pulxo- 
cem‘e; third teigite wdth a broad fascia of ajipresstHl, ])ale, glitteiing pubesccnc(‘, finely 
and densely punctate bimeath the pulx'scence ; fourth and fifth tergites w'lth very fine, 
close, even punctures, clos<^r on the fourth, and spai'se, ei'ect and sub-ei-ect, black pubc 
sconce; last tergite with small, moderately close jumctuies laterally; pygidial area 
(dongate, fusiform, piceous and shining, not carinate laterally ; pygidial fringes fulvous ; 
timt stenntic pale ferruginous, the cariiia low, clothed with sparse, erect, pale jmbescence ; 
second sternih^ with mcKierately large, w^ell sejiarated, even punctures, clothed wdth 
sparse, erect and sjmrse, decumbent, jiale jmbescence and with a thin apical fringe of 
pale pubosooncx' ; third to sixth stornites with fine, closer punetures, finely transversely 
strigulose basally, with sjiarse, erect, jmle pubescence and with a thin, apical fringe ol 
j>ale ])ube8(*ence on three to fiv(‘. 

L( 4 js ferruginous throughout, with sjMirsc*, pale pubescence; calcaria 
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Relative widths of head and thorax anteriorly 1*25 : 1-0 (6*0 : 4-8 divisions of micro- 
meter). 

Six^cimens vary in length from 3 to 5*2 min. 

cJ. Head and thorax» except the tegulae, the legs and the last four abdominal segments, 
black ; first throe abdominal segments more or less ferruginous ; tegulae testatseous ; 
clothed throughout with sparse, })ale pubescence ; wings hyaline, faintly infuscate apically. 
Length 0 mm. 

Note. — The aUoty]x> is chosen as the six^cimen which copulated with a female in cap- 
tivity ; it differs from the other males in having the last five abdominal segments black. 

Head black, clothed with s^mrse, erect, pale pubescence on the vertex and post.eriorly, 
with sparse, sub-erect, pale pubi’iscomie on the frons and genao ; clypeus with rather more 
dense, decumlxmt, pale pubesijonce ; frons medially with very fine, not very (dose, punctures 
betwi^en the striae, which are fine, the punctures larger and s])arser laterally; verU^x 
polished and shining, with sparse, small punctures ; genae with moderately small, confluent 
pim(?tures, dull ; (ocelli in an isosceles triangle, widest at the base, the lateral ocelli nearl^\ 
five times as far from the eye as their greatest diameter, and nearly twice as far from each 
other as their diameter (5:24 and 13:24 respectively); antennal scrobes feebly, but 
distinctly, carinate above ; scape bictarinate beneath ; fir-st flagellar segment one-half as 
long as the second ; median area of clypeus triangular, slightly raised, 8ub-carinat(‘ abcjx e 
at the apex of the triangle, depn^ssc^d at the base submarginally, the lateral area sliallowlv 
(joncave ; margin medially transven-e ; the whole clypcms very fimdy puru^tate, clothed 
with decumbent, pak‘ ])ubescence ; mandibles slightly ex7)and(d, but not exciscul, mmr thc' 
base beneath ; ajw'x of mandibbs simple, with two, small, pre-api(?al t(‘eth on tludr inner 
margin, the te(*th and a mode!*at(*ly broad prt‘-apical area, rufo-testaeeous, the rest of tlie 
mandibles black. Rcdative widths of head and thorax, including the t(‘gulae J-t): 1*12 
(8-5 : 9-5 divisions of micrometer). 

Thorax black, except the toguhu^ dark testaceous, clot hed with spars(^ erect and sub- 
erect, jiale pii bc'scence, and sparse, decumlK*nt pubesc(mc(< on the ])ronotum, m(‘soj>leur.i, 
lateral fovea cf scaitellum and metanotum, and the extitnne base of the j)ro])od<*on ; pro- 
notum with moderately laige, shallow, confluent jmuctures ; m<‘sonotum with smaller, 
confluent jjurictures, the surface shining ; jirojxxleon niiculate, w ith a short, broad, median 
basal area, and two lateral basal areas tilh'd with decumbent, pah' jmlM‘sceiie(‘ ; si<l('K of 
jironotum mi(!ro])imctat«s shining and micropubescent, th(‘ ant(u*ior margin eiiriuatt* ; 
mosopleura micro] a nictates and micro]mlK*scent anteiiorly, mod(‘rately (oaiMflv, eon- 
fUuMitly punctate, with s]Kirse, eiect and moderately dmisc, decumbent, jiah' pnb(‘se(Mice 
on th(* convexity, micropu mutate along the jicst-erior margin ; metapleura with the ejii- 
meron somewliat dull, micro])iinctate and micro]nibe8cent, the ejiisternum shining, very 
remotely micro])uiictate- and micropubescent, shallowly reticulate in tin* vi'utral third ; 
sides of jirojiodeon shallowl}' rcthailak*, excejit the anterior margin micropum tat(' and 
micro]) ubescent ; tegulae dark testaceous, ])aler and translucent ]K»Kt(iriorIy, shining, 
finely and remotely punctate exeo])t on the disc, two-thirds as whle as long. 

Abdomen bla('k, excejit segments 1 and 2 in the allotype ferruginous (oth(‘r si)ocimens 
have s(*gment 3 more or less ferruginous, if less then suffusc'd with blackisl) posfero-mt'di- 
ali\ ) clothed with sparse*, er(*et, ])alo puliesci'iico on t('rgit<‘s 1-5, and on all the sternib's ; 
first t(*rgite ferruginous with fine, remote punctures and sparse, er(*ct, jiah^ ]»ubesc(‘nc.e ; 
second U'rgite with moderately fine, close punctures at the liaso laterally, finer and nunote 
jmnetures dorsiilly, fine and (dose puiudures apically, the surface jiolishc'd, with a feebh*, 
transverse, sinuate ridge at the posk'iior fifth, clothed with sparser, sub-ere(;t, ])ale juiln s- 
cenc(* and a few , ei*ect, jiale hairs laterally and ajiically ; third tergite wholly black in the 
alloty]X‘,, ferruginous or ferruginous with a black, median, apical suffusion in all other 
specimens examined, with fine, moderafiCly close j)unoturos laterally, very fine, sjiarse 
punctures nx'dially, clothed with S])ar8e, erect, pale pubescence ; fourth to sixth tergites 
black, puncturation as on the t hird, but finer, clotheil with sparse, erect, pale pulwsconce, 
except the sixth with black pubescence ; List tergite with a wide, flattened, triangular, 
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glabrous, polished area, finely, remotely and evenly punctured laterally and basally, 
clothed with sparse, erect, black pubescence ; first steriiite ferruginous, with a few, small 
punctures and sparse, erect, pale pubescence, the carina long, scarcely elevated ; 8ect)ud 
sternite ferruginous, with moderately small, sparse), even punctures, sparse, erect and sub- 
erect, pale pubescence and a thin, apical fringe of pale pubescence ; third sternite blacik 
in the allotype, ferruginous in all other specimens examined ; third to sixth stortiites with 
small, close punctures on the apical half, very small, sparse })uncture8 basally, sparse, erect 
and sub-erect, pale pubescence and a thin apical fringe of pale pubescence ; hypopygium 
simple, flat, with moderately even, small punctures and sparse, erect and sub-croct, fuscjous 
pubescence. 

Legs black, except the anterior tibiae and tarsi dark fuscous and all the trochanters 
castaneous, clothed with sparse, pale pubescence ; calcaria pale. 

Wings hyaline, slightly infuscate apically ; cell Rg receiving vein ]Vl2 slightly beyond the 
middle ; vein R4 sub-interrupted near its junction with vein Mj ; cells Ri and 1st/ M2 
nearly obsolete ; cells R -f* let Ri and 2nd Ri + Rgsubeqiial in length. 

Length : allotype fi mm., other specimens from 6 to S mm. 

Allotype. — (J* Feherated Malay States : Selangor, Kuala Lumpur, 
27. ii. 1928 (No. 252) ; captured flying round a hedge of Bamhum nana and 
copulated in captivity with a $ bred from the nest of Pinon argeniatum Shuck. 
(//, T. Pag(Um). In Selangor Museum, Kuala Lumpur, F.M.S. 

Specimens examined. Federated AIalay States, State of Selancjok : 
(J, Kuala Lumpur, ex cocoon Pison argehtatutn Shuck., 28. i. 1928 (No. 2\^) 
(II, T, Pugden) ; Kuala Lum])ur, ex <ocoon Piaon argentatnm Shuck. 
29, i. 1928 (No. 24) (II , T, Pagden ) ; 2 (J, Kuala Lumpur, ex cocoons Pison. 
(ngenlatum Shuck., l.ii.]928 (Nos. 35 and 37) (II, T, Pagden): 2 cJ, Kuala 
Lumpur, ex cocoons P, urgentatmn Shuck., 3.ii.l928 (Nos. 40 and 41) (//. T, 
Pagden) ; Kuala Lumpur, ex cocoon P, argenfatum Shuck., G.ii.l928 (II, T, 
Pagden) : Kuala Lumpur, ex cocoon P. argenlatum Shuck., 2G.ii. 1928 (No. 
218), copulated with a ^ allotyp* (II, T, Pagden) : , Serdang, on lemon biisli, 

22.iii. 1928 (No. 3G7) (II, T, Pagdxv) : J, Smlang, 27. iv. 1928 (II, T, Pagden) \ 
V, Serdang, G.vii. 1928 (No. (>85) (//. T, Pagden) ; 2, Puchong. 28.x. 1928 (No. 
931) (H, T, Pagden) ; Ulu Crombak, xii mile, 7.iv. 1929 (No. 1029) (II, T, 
Pagden) ; KurIu Lumpur, lG.i.l930 (No. 1501) (II, T, Pagden) ; Kuala 
Jjumpur, 9.xi. 1935 (No. 040) (Mohammed Sail elt ) : Kuala Lumpur, 4. xii. 193G 
(No. 0345) (II, T, Pagden) \ \\ Kuala Liiinpur, Botanic Gardens, l.ii.l937 
(No. t)317) (Mohatnmed Salleh ) ; Kuala Lumpur, Spooner Jload, 27. v 1937, 
in house (No. 0374) (II, T, Pagden) • 9, Senlang, 2().viii.l937 (No. 0392) (Adhal 
Tahh), 

State of Perak : 9 , Parit Buutar, in garden, 5.iv. 1931 (No. 2040) (//. T, 
Pagden) : Parit Buntar, 2.ix.l931 (No. 2313) (II, T. Pagden) : 9 , S(4ama 

S.O.S. Kstate, n).ix.l931 (No. 2410) (II. T. Pagden) : 9' P^^rit Buntar, under 
hous(‘, 2G.ix.l931 (No. 2427) (II, T, Pagden) : Parit Buntar, under house, 

18. xi. 1931 (No. 2490) (II, T, Pagden), 

New Records of Muttlijd.ae. 

Sqmmulofilla Bischoff. 

Sguamulotilla deserta (Smith). 

MntUla deserf a Smith, IS79, De«<rr. new, Sp. II gm, : 2(M), 9. 

Mniilla deserta Dalle Toriv, 1S97, ('at, Hgtn, 8 : 30, y. 
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Mutilla deaerta Andr6, 1903, Oen. Insect, 11 : 39, ?. 

SquamvIolUla deserta Miekel, 1934, Philipp, J, Set, 64 (1) : 109, 

Sqtiumulotilla deserta Miekel, 1936, Trans, R. ent, Soc, Land, 88 : 193, $. 

Holotype.— ?, Celebes : in British Museum (Natural History). 
Specimens examined. — Java: $, Malang, 21 .ii. 1933 (Se/rm) ; ?, Malang, 
March 1933 (Betretn) ; $, Malang, April, 1933 (Betrem), 

Kangean Islands : 9, Nglirip, Teak Forest, i. 1936 {M, E, Walsh), 

I have not compared these specimens with the t,ype, but they appear to agree 
entirely with it. 

Distribution.— Celebes, Philippine Islands, Java, Kangean Islands. 

Sqaamulotilla aesyca (Cameron). 

Mutilh aesyca (^ameron, 1902, Entomologist 85 : 208, $. 

Squamulotilla aesyca Miekel, 1935, Trans, R, ent, Soc, Lond, 88 : 194, $. 

Holotype. — ?, Borneo : in British Museum (Natural History). 

Specimen examined. — ^W est Java: 9, Mt. Gedeh, Tapos, 1-6. viii. 1936 
{J, van der Vecht), In coll, J. van der Vecht. 

I have examined the type specimen and a specimen determined by Miekel 
as this species and I am unable to find any reason for separating the specimen 
before me from either of the specimens examined. There are some sliglit 
differences in colour, but not sufficient even to warrant making this into a 
subspecies. 

Odontomutilla Ashmead. 

Odontomutilla familiaris familiaris (Smith). 

Mvtllla familiaris Smith, 1858, J, Proc, linn, Soc, (Zooh) 2 : 84, 

Mutilla familiaris Dalle Torre, 1897, (^at. Hym, 8 : 39, 

Mutilla familiari'i Andr^, 1903, Qen, Insect, 11 : 70, 

Odontomutilla familiaris Miekel, 1934, Philipp, J, Sri. 54 (1) : 132, $, cJ. 

Odontomutilla familiaris familiaris Miekel, 1935, Trans, R. ent, Soc, Lond, 83 : 201, c?. 

Holotype. — ^9> Malay Peninsula : Singapore, in Saunders’ coll., Hope 
Department, University of Oxford. 

Allotype.™ (J, Philippine Islands : Dapitan, Mindanao (Baker), in United 
States National Museum. 

Specimens examined. — Malay Peninsula : 9» Trusan, 1889, in coll. F.M.S. 
Museums, Kuala Lumpur. 

East Borneo : Pelawan, v. 1937 (M, E, Walsh) ; Batan Bessi, 150 ft., 
v.1937 (M, E, Walsh) ; c?» Batan Bessi, vi.l937 (M, E, Walsh), 

South Borneo : (J, near Tanggarong, 100 ft., i,vii. 1937 {M, E, Walsh), 
Distribution. -Malay Peninsula, Borneo, Philippine Islands. 

Odontmnutilla hannatocephala (Andre), 

Mutilla simpUcifascia var. haematocephala Andr^, 1896, Termes. Fuzetek 19 : 16, J. 
OdonioniiUilUi simplicifascin var. Imenwtoc^phala Andre, 1903, Gen. InseH, 11 : (J. 

Odontomutilla haemaUKephaUt Miekel, 1935, Trans. R. ent. Soc. Lond. 88 : 213, <J. 

Holotype. (J, Federated Malay States, Perak {vide Miekel, 1935). 
Specimens examined. — Federated Malay States : Pahang, Fraser’s 

Hill, 9.iii. 1929 (N. C, E. Miller) (No. 1022), det. C. E. Miekel In collection 
H. T. Fagden. 
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Straits Settlements ; S, Penang, ISOCMSias it., v.l917. In collection 
F.M.S. Museums. 

S. SUMATEA.~(J, Res. Bencoelen, Bukit Item, (550 m., lO.IO {M. E. WnhL) 
In collection J. van der Vecht. 

Distribution. — Malay Peninsula, Sumatra. 

OdontomiUilla herpa (Cameron). 

Mutilla herpa (^ameron, 1902, Htrnita Hr, It, afiiat. Sac. 37 : 73, cJ. 

OdunUmuiilla herpa Mickel, 1035, Trans, B, enl, Boc, Lmui, 83 : 20S, 

Holotype. — Borneo : Sarawak, in British Museum (Natural History). 
Specimens examined. — Sarawak : cJ, t^aram lliver, triinoiiK Tanal)o, 
10. xi. 1920 (J, C, Mmihon), In collection F.M.S. Museums. 

Distribution.-- Sarawak. 

Odonteymuhlla mamfesta (Smith). 

Mutilh inanife^ta Smith, 1859, J. Proe. linn, Soc, (Zool.) 3 . MO, 9j. 

Matilla namtfesfa Andr<^, 1890, Ann. Mus, civ. Star. n-at. (hnora 17 (2) • 09, 

Mutdla imnipsUi Dallo Torre, 1897, ('at. Hym. 8 : 57, 9cJ- 
MatiUa manifesta Andre, 1898, Ann. Soc, ent. Fr. 67 : 71, (J. 

MnlilUt nuimjesia Mantc^ro, 1900, Ann, Mtis. civ. Star, not. denova 40 : 583. 

Odontomutilh nuiniJpHta Andre, 11)03, Gen. Insect. 11 : 21), 

OiUmtmnutilla niamfesUt Mickel, 1935, Trans, R, ent. Soc. Land, 83 : 207, 9<^» 

Holotype. ?, and allotyi)c (j', Aru Islands. In Saunders’ c()lle(*tion, 
Hope Department, University of Oxford. 

Specimens examined. (^, New Guinea: rionierl)ivak, xii.1920 (W. (\ 
v(tH Hearn). In collection Buitenzorg Museum, Java, 

Distribution.- Aru Islands, New Guinea. 

OdontomutiUa rnhrocopitaln Mickel. 

Odontomutilla rnhrocapitata Mickel, 1935, Trans. R. cut. Soc. Land. 83 : 208, 

Holotype.— (J, Borneo : Sandakan (Baker). In United States National 
Museum. 

Specimens examined, -Federated Malay States : 2 Perak, Gunong 
Kledang, 2640 ft., xi.l916; (J, Perak, Batang Padang, Jor (’amp, 1800 ft., 
4. vi. 1923 (//. M, Pendlebary) ; Selangor, Bukit Kutu, 2500 ft., 20. iv. 1926 
(II, M. Pendlebury). All in collection Federated Malay States Museums. 
Distribution.- - Borneo, Federated Malay States. 

Odonimnntilla thymele Mickel. 

OdmUomutilla thymds Mickel, 1935, Tram, R. ent. Soc, Lond. 83 ; 211, $. 

Holotyi)e. — $, Borneo: Bettotan near Sandakan, vii.30.1937 (C, Boden 
Kloss and II. M. Pendlebury). F.M.S. Museum, Kuala Lumpur. 

Specimens examined. Borneo: Sarawak, Kiichiiiir, 1 7. v. 1900. Both 

in collection F.M.S. Museums, Kuala Lumpur. 

Distribution. — Borneo. 
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Odontomutilla urania (Smith). 

Mvtilla uranixi Smith, 1858, ,/. Proc, limi. Sac, (Zool.) 2 : 83, $ (nec (J). 

Mutilh uranid Andre, 189(5, Termes. Fvzetek 19 : 12, 

Mntilla vratiia Dalle Torre, 1897, ('Ot, Hym. 8 : 94, 9 (ncr. J). 

Mvlilla urmiiu Aiidrt^, 1898, Ann, Soc, eni, Fr, 67 : 31, $ (in ])ai*t). 

Odontomutilln nravia Andre, HK)3, Gen, Insect, 11 : 30, $ (in pirt). 

Odontornutilh mania Mickel, 1935, Trans, R, ent, Roc, Lovd. 83 : 213, 9* 

Holotype. -9> Malay Peninsula : Mt. Ophir. In Saunders’ eollection, 
Hope Department, University of Oxford. 

Speedmens examined. -Malay Peninsula : $, ex coll. Dept. Agriculture 
(no other data); 9, Perak, Grunong Kledang, 2040 ft., xi. 191(5 ; 9> Kedah, 
Jitra, Catchment area, 10. iv. 1928 (11, AI, Pendlebary), All in collection 
F M.S. Museums. 

OdontonmtiUa cassiope (Smith). 

Mntilla cassiope Smith, 1858, J. Proc, linn. Sac, (Zool,) 2 : 8(5, 9* 

Mntilla cassiope, DalU; 'Fon’e, 1897, Gat. Uym, 8 : 21, $. 

Odontmnntilhi cassiope Andre, 1903, Gen, Insect. 11 : 29, ?. 

Odontomntilla cassiope Mwikel, 1935, Trans, R. ent, Soc. Loyal. 83 : 21(5, (J9* 

Holotyp(L — 9j Dorneo : Sarawak. In Saunders’ collection, Hope Depart- 
ment, University of Oxford. 

Allotyj)e. — (J, Borneo : British North Borneo, Bettotaii, near Sandakan, 
23.viii.1927 (C. Boden KIoss and II. M, Pendldmry), In (‘ollection F.M.8. 
Museums, Kuala Lumpur. 

Specimens examined.- Federated Malay States : 9> No. 000, Sidangor, 
Ulu Oombak, 12th mile from Kuala Jmmpur, 20. vi. 1928 (II, T. Paydea) ; 9> 
No. 701, Selangor, Ulu Oombak, r2th mile from Kuala Lumpur, 8.vii.l92S 
(H. T, Paydiiii) : 5 Nos. 0(520 (5(524, Selangor, Ani])ang pipe line, on leav(*s 
of shrub, 9.vi.l940 (//. T. Puyden) ; 3 aiul 1 9» Nos. 0(559 -0(5(52, Selangor, 
Amj)ang pipe line, on leaves of shrub, 13. vi. 1940 (II. T. Payden). 

i)uT(ai South B(.)RNEo. Ounong Panjang, nt‘ar Tcaiggarong, i IbO ft , 
Mahakam River, 2.vii.l937 (M. E. Walsh), 

All in collection H. T. Pagden. 

Timnlla. (Troyaspidia) celebensis (Andre). 

Mntilla celeben^i^ Andre, 1905, Z. Uytncn. I)ipt 5 : 215, 2(55. rJ9. 

Twtullfi (Troyaspidia) rcMensis Miek(‘l, 1935, Trans. R. nit. Soc. Land. 83 : 2(5(5, d'J. 

Holotype and all()ty])e. J9» South Celebes : ]5Hi-Kra(‘ng, in Hungarian 
National Museum, Budapest. 

SpefdiiKMi examined. S.W. Celebes : Ounong Loinpo Batang, 1(500 m., 
193(5 (L. J . Toxopea.s). In (^olh^ction Zoologisch Muscaim, Bnit(‘nzorg. Java. 

Timalla (Troyaspidia) amans amans (Andre). 

Mntilla. amayis Andre, 1909, Note^ Leyden Mns: 31 : 173, 9 and 

Timnl/a (Troyaspidia) a mans Mickel, 1935, Trans, R. ent. So(\ Lond. 83 : 23(5, 9J. 

Lcetotypo. --9, Java: Tandjong Priok, iv.l908 (M. E. Jacobson), in 
Leyden Museum (before the war). 

Alloty])e. -rL Java : Tandjong Priok, iv.l908 (AI. E. Jacobson), in Leyden 
Museum (before war). 
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Specimens examined. Java : 4 (J, Malang, iii.1933 (J. G. Betrem ) ; 4 (J, 
Malang, iv.l93J (J. G, Betrem ) ; c?, Nongkodjadja, 3000 ft., I.ii.l930 (M. /i\ 

Kangean Islanj)S : (J, Giinong Tinggi, 400 m., ii.J93() {M, E, Wahli)\ 
2 cJ, Tembajangan, ii.l936 (ikf. £. Walsh ) ; Boejoetan, 50 100 ni., ii.l93G 
(M. JS. Walsh). 


Timulla (Trof/aspidia) amans oryzac Pagden. 

Timulln (Troga^pulia) oryztip. Pag<len, 1934, ./. F.M.S. Miis. 17 : 426-433, 3 6, 

Timulla (I'rogaapidia) onjzae Mickol, 1935, Tram. R. ent. Six'. Loud. 83 : 236, 

Holotypc and Allotype. eop%da, Federated Malay States : 

Perak, Simpang Lima, Alor Pongsu, Krian, 20. v. 1930 (11. T. Payden) in 
British Museum (Natural History). 

I have compared the male genitalia of this and the preceding species and 
am convinced that oryzac must be (*onsidered as a 8ubsi)ecies of aman,s. There 
is no difference in the genitalia and the small differences pointed out by Mickel 
in his key are too slight to have specific significance. 
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THE STRUCTURE AND MATURATION OP THE OVARIES IN 
BRITISH ACRIDIDAE (ORTHOPTERA). 

By John Phipps, M.Sc., D.I.C. 

Manuscript received 9th August, 1948. 

(Head 7th September, 1949.) 

With 7 Text-figures. 

The observations described in the present paper were made during the summer 
and autumn of 1947 at the Imperial College Field Station, Silwood Park, 
Berks., as part of a larger population study being carried out by Dr, 0. W. 
Richards and Dr. N. Waloff. 

The grasshoppers of the family Acrididae occurring at Silwood Park are 
Omocestus viridulus L., Stenobothrus lineatus Panzer, Chorthippus parallelus 
Zetterstedt, Ch, bioolor Charpentier and Myrmeleotettix maculatiis Thunberg. 
In addition to these, specimens of Chorthippus albornarginatm (De Geer) and 
of Gomphocerus rufus (L.) were obtained from Brentwood, Essex, and from 
Box Hill, Surrey, respectively. A continuous supply of these two species 
was not available and it was not therefore possible to make investigations on 
seasonal changes. 


Maturation of the Ovaries. 

The ovaries of the Acrididae are of the panoistic type, each ovariole 
consisting of a chain of eggs. The egg nearest to the oviduct, referred to for 
convenience as eggj, is always the largest, except in some abnormal conditions 
mentioned below. The egg above this is referred to as eggg. 

In the newly-emerged adult egg^ is not more than 1-5 mm. in length, and 
the whole ovary is white and transparent (fig. 1). As maturation proceeds, 
all the egg rudiments grow, but each grows faster than the one immediately 
above it, so the initial differences in size become more pronounced, and at the 
same time the whole ovariole increases in length. Egg^ begins to show a 
yellow colour when it is about 3 mm. long, the other rudiments remaining 
white. 

|The fully-matured egg, the size of which varies considerably even within 
a species, is shed into the oviduct, and the follicle which had contained it 
immediately shrinks to less than half its former length (fig. 2). The empty 
follicle now degenerates further and during th* jprocess a yellow substance is 
laid down in the wall of the ovariole where it joins the oviduct. This structure, 
referred to below as a corpus luteum, indicates that ovulation has occurred 
(fig, 2). f It appears to be renewed by successive ovulations, though it often 
persists where ovulation has apparently not occurred for some time, as in 
some parasitized individuals. In all species examined it was absent only in 
immature individuals and in those mature ones which were taken early in the 
season and which might be supposed not to have oviposited. It is less deeply 
TRANS. R. ENT. SOC. LOND. 100. PART 9. (OCT. 1949.) 11 



234 Mr. John PhippB on the st^rwAv^rearidmaturati^ 

coloured and so less conspicuous in Chorthippus bicolor than in the other 
species. 

The corpus luteum forms, in fact, a ring at the junction of ovariole and 
oviduct, this fact being very clearly shown in specimens dissected during 
ovulation, when the egg can be seen passing through the yellow ring (fig. 3). 
It appears probable that it is associated with some process of degeneration 
occurring at this point. Evidence for this view is adduced below in the 
section on abnormalities. 

When eggi is ovulated, eggg is usually about 3 mm. long, and is already 
yellow. 

It appears probable that the eggs may be retained in the oviduct for only 
a few hours or for a day or more, probably depending on the presence of 
suitable conditions and of a site for oviposition. That this variation does 
occur was indicated by the fact that in some individuals large empty follicles 
were present, showing little progress in degeneration, but there were no eggs 
in the oviduct, while in others eggs were still present in the oviducts, though 
the empty follicles had almost disappeared. 

Numbers of Ovarioles. 

One of the purposes of the investigation was to determine whether egg- 
rudiments are continuously produced during the life of an individual, and to 
investigate possible change in the number of ovarioles. To this end observa- 
tions were made on the numbers of ovarioles in the two ovaries (not necessarily 
the same in both) for nymphs, immature adults and adults which had become 
mature but had not ovulated. By a mature adult is meant one in which egg^ 
is not smaller than the normal minimum size of cgg^ in a grasshopper which 
has ovulated. 

It was found that in 0. viridulus, Ch, parallelus and G, rufus (one specimen 
only) the number of ovarioles was constantly 5 & 5 ; in S. hneatus 4 & 4 and 

3 & 3 ; in Ch, bicolor 8 & 8, 8 & 7, 7 & 7, 7 & 6, 6 & 6, 6 & 5, while in M, 
maculatus the number was constantly 3 & 3. The only specimens of Ch, 
alhomargimius examined had oviposited, but all these had 5 ovarioles in each 
ovary. 

Rubtzov (1934), in his table showing the ovariole numbers for Siberian 
grasshoppers, did not note any variation in S, lineatas, but gives the ovariole 
number as 3 & 3. He notes, however, a variation of from 5 & 6 to 7 & 7 in 
Ch, brjxUulus, which is closely allied to Ch, bicolor, Rubtzov also remarks 
that these variations were found l)etween individuals from different places. 
In the present study variations occurred amongst individuals from the same 
place. 

In all the five species \ i vere continuously dissected some variation in 
ovariole number was notec '1 least amongst adults which had oviposited, 
including always some individuals in which the ovariole number was different 
on the two sides. This asymmetry never resulted in an excess of one side 
over the other of more than one ovariole. 

In 0. 'diridulus, out of a total of 87 females dissected, all had 5 ovarioles 
each side except four. Of these four one had 6 & 5, one 6 & 4, and two had 

4 & 4. 
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Figs. 1-6. — (1) Immature ovaiy of Ch. paraUeltis, (2) Ovary of recently-ovulated Ch, 
paraMua showing large empty follicles (foU,). (3) Portion of ovariole of Ch. hicohr 
showing egg passing through corjms luteum. foU., empty portion of follicle. (4) 
One normal and one small ovariole from the ovary of Ch. parcdleltLS. (5) Ovariole of 
parasitized 0 . viridvlua, showing large egg, and deformed egg^ bursting its follicle. 
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In Chorthippus parallelus, oat of a total of 92 dissected, all had 5 ovarioles 
each side except four. Of these four, one had 6 & 6 and three had 6 & 4. In 
both parallelus and mridulus the individuals showing variation were found 
only during September and October. 

In MyrmdeoteUix macidatus, out of a total of 21 dissected, all had 3 ovarioles 
each side except four. Of these four, one had 2 each side and three had 3 & 2. 
Only one of the four was dissected in August, the other three in September. 

In Chorthippus bicolor and in Stenobothrus lineatuSy more variation was 
found. In bicolory out of a total of 125 dissected, 45 had 7 & 7, 33 had 7 & 6, 
24 had 6 & 6, and 12 had 8 & 7. In addition, the numbers 8 & 8, 6 & 5 and 
5 & 5 occurred. The frequencies are symmetrically (but not normally) dis- 
tributed, about the mode 7 & 7. The numbers 6 & 5 and 5 & 5 were found only 
in and after September, though one of the 5 & 5 individuals had not oviposited. 

In S. lineatuSy out of 61 dissected, 31 had 4 & 4, 17 had 4 & 3, and 13 had 
3 & 3 ovarioles. Here as many individuals with 3 & 3 ovarioles were found 
in August as in the succeeding months. 

There is thus some little evidence that changes in ovariole number are 
seasonal in their occurrence. In particular it was noted that in Ch. bicolor 
those individuals with 7 & 7 ovarioles were always most frequent until Novem- 
ber, when those with 7 & 6 became slightly more frequent. The difference, 
however, is not statistically significant. No fourth stage nj^naphs were taken 
after 19th August, so no new adults were added to the population after this 
date, and if there is in fact a tendency for the population to contain a larger 
proportion of individuals with a smaller number of ovarioles later in the 
season, this must be due to a higher death rate amongst those with more 
ovarioles. That it cannot be due to loss of ovarioles during the life of an 
individual is shown by the following observation. Towards the end of the 
season the egg rudiments begin to degenerate in the ovarioles, degeneration 
beginning at the top of the ovariole. Examples of this lyere found in Ch, 
parallelus, M, maculatus, 0, viridulus and S. hneatus, and varied from the 
disappearance of a few rudiments from the top of the ovariole to the complete 
loss of all rudiments, leaving only the ovariole sheath. The earliest examples 
of this were met with on 25th September, and others during October, and 
there appears to be little doubt that it occurs only towards the end of the 
season, and perhaps towards the end of the life of the individual. No evidence 
was found to show that the empty ovariole sheath itself disappears, and from 
the date on which this rudiment degeneration was first noted, it obviously 
cannot be used to explain variations in ovariole number durmg August. On 
the other hand, it is reasonable to assume that females with more ovarioles, 
which produce on the average more eggs, will die sooner than those which 
produce less. It has been shown by Pospelov (1934) and by Hamilton (1936) 
that females of Locusta migratona live longer if maturity is postponed or 
prevented by preventing pairing. 

The causes of the observed variations in ovariole number are therefore 
uncertain. Rubtzov (1934) points out that in species in which the number of 
ovarioles is variable, the number increases in the cooler parts of the range, 
e.g. in Western Europe. The differences may therefore be genetic, but it is 
also possible that variations m food supply or in the microclimate may influence 
the numbt'r of ovarioles developed during the early part of nymphal life. 
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The changes in the ovaries which appear to be definitely of seasonal 
occurrence consist in the appearance of relatively undeveloped ovarioles. 
Differences in the rate of development of eggs in different ovarioles lead to the 
production of ovarioles in which egg^ is much smaller than in the others, and 
may be no larger than eggg of the other ovarioles (fig. 4). The incidence of 
such small ” ovarioles throughout the season is shown in Table I, the number 
of small ovarioles being expressed as a percentage of the total number of 
ovarioles counted. 


Table L — Showing Numbers of Small Ovarioles as a Percmtage of Total in 

Semi-monthly Periods, 
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49 

15 1 

167 

20 

12 0 

160 

9 

5 6 

306 

12 3-9 

44 

3 

7 0 

15 Oct. 

16 Oct- 

60 

2 

3-3 

91 

12 

13 3 

170 

9 

5 3 

188 

5 2 7 

30 

2 

6 6 

al Oct 

1 Nov- 

• 

• 

• 

14 

1 

7 0 

129 

6 

4 7 

271 

29 10 7 

• 

• 

. 

8 Nov. 

• 

• 

• 

• 


• 

30 

7 

23 3 

327 

67 17 4 


. 

. 

The per(‘entage of small 

ovarioles thus reaches 

a maximum in the second 



half of August in S, line€Uus, Ch, bicolor and Ch, parallelus^ neglecting the 
20 per cent, for June-July in the last species, which is based on only one 
individual. As food was very scarce in August, owing to the drying of grass, 
it appears probable, therefore, that the under-development of some ovarioles 
is due to competition betwpen the ovarioles for the available food. In 0. 
viridulus and M. maculatus maxima occur in the second half of September, 
near the end of the season, and in Ch. parallelus and in Ch. bicolor second 
maxima occur in late October and in November. 

The occurrence of small ovarioles, of course, means that the number of 
eggs produced at one time is sometimes less than the total number of ovarioles. 
Variations in the number of eggs in the oviducts are discussed below. 

Numbers of Egg Budiments. 

In counting egg rudiments preparatory to calculating the average numbers 
of rudiments pci* ovariole it was noted that in some individuals the number of 
rudiments in different ovarioles showed fairly wide differences. In most 
cases these differences did not occur, but in order to obtain a representative 
figure for those in which it did occur, the average number of rudiments per 
ovariole was calculated by counting the rudiments in as many as possible of 
the ovarioles in one ovary, and dividing by the number of ovarioles in which 
rudiments were counted. It was not always possible to count the rudiments 
in all the ovarioles, as these sometimes broke in manipulation, or abnormalities 
were sometimes present in some of them. In view of the fact that the rudi- 
ment number was usually constant, however, it is unlikely that very different 
results would have been obtained if all the ovarioles had been intact. 
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Table II shows the average number of rudiments per ovariole for nymphs, 
immature adults and mature adults. In all cases where a sufficient number 
of individuals was dissected, the standard deviation has been inserted, and the 
number of individuals is given in brackets. 


Table II. — Average Numbers of Rudiments per Ovariole, None of the Mature 
Adults included had Oviposited except those of Ch. albomarginatus. 
Numbers of Specimens Examined are given in BracTcets, 


Species. 


O. mridulus 

S, lineatus 

Ch, parallelus , 

Ch, bicolor 

Ch, albonmrginatiis 

M, rmculatua , 

Q, rufus , 


Average number of rudiments per ovariole. 


Nymph. o. 

Immature 

adult. 

16 - 2 ( 7 ) 3-2 

19-7 ( 7 ) 

. 

23-0 ( 1 ) 

7 - 2 ( 2 ) . 

14 - 0 ( 11 ) 

14 - 3 ( 6 ) 3-4 

18 - 6 ( 16 ) 

18 - 3 ( 1 ) ! 

20-6 ( 1 ) 


Mature 

a, adult. a. 

6*4 . 20 0 ( 10 ) 6 1 

20*4 ( 2 ) . 

1*8 12*1 ( 9 ) 4-8 

3-9 20 0 ( 11 ) 4-4 

9-16 ( 6 ) . 

17-0 ( 1 ) . 

16-8 ( 1 ) . 


The significance of the difference between nymph and immature adult and 
between immature adult and mature adult has been tested in all cases where a 
standard deviation for both was calculated. None of the differences is signifi- 
cant, indicating that new egg rudiments are not produced during these periods. 

It will be noted that there is considerable variation in the number of rudi- 
ments per ovariole in each species. Rubtzov (1934) found that between 
different species the number of ovarioles and of egg rudiments per ovariole 
vary inversely. This was not found to hold in our grasshoppers, where Ch, 
bicolor, with the largest number of ovarioles, has also one of the highest figures 
for rudiments per ovariole. 

The results of counts of egg rudiments in mature individuals are summarized 
in Table III. The season was divided into semi-monthlj^ periods and the 
number of rudiments per ovariole calculated for each period as described 
above. 


Table III. — Number of Rudiments per Ovariole in Semi-monthly Periods for 
Five Species of Acrtbibae. 


Period. 

0 

viridtdiift. 

S 

■f 

Ch paraUelug. 

Ch. bicolor. 

M. maculaiuH. 

A. 

B. 

C. ’ 

A. 

B. 

C. ' 

A. 

B. 

C. 

A. 

B. 

C. 

A. 

B. 

C. 

1-1. June 

1 

11*6 














16-30 

1-15 July 

5 

17-8 

3-4 













4 

24-2 

3 5 




1 

15-0 








16-3J „ 

. 2 

18*9 

01 










4 

18-4 

1-9 

1-1.5 Aug. 

. 2 

16*2 

0-8 

7 

191 

2-4 

.5 

12*3 

1*2 




2 

17-0 


16-31 „ 




7 

19 3 

3 3 

8 

10-5 

1 4 

11 

211 

3-7 




1-1.5 Sept. 

! 20 

12 8 

1-5 

13 

18-2 

3*6 

10 

10 9 

1 8 

14 

17*6 

3-7 

i 

21-0 


16-30 „ 

. 24 

12-6 

2-5 

23 

16-4 

3-4 

18 

10-3 

2*6 

23 

18 7 

2-9 

8 

18-3 

3*8 

1-15 Oet. 

. 6 

n-7 

1-8 

12 

14*1 

2 '3 

15 

9 2 

1-9 

15 

17-9 

2-6 

5 

16-9 

2*7 

16-31 „ 



, 

2 

13 -.5 

0 5 

13 

10 1 

1 9 

21 

17-5 

2*6 




1-8 Nov. 







3 

11 6 

30 

25 

15-6 

25 





Column A. Number of individuals dissected. 

„ B. Average number of rudiments per ovariole. 

„ C. Standard deviation. 

In many cases the amount of information is scanty, particularly at the 
beginning of the season, but tests of significance of the differences between 
means for different periods give some suggestive results. 

In Ch, parallelus the average of 12-3 rudiments per ovariole for the period 
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Ist-lSth August was compared with each of the succeeding periods. The 
difference between the means for this period and for lst-15th September and 
15th-30th September were found not to be significant. The difference between 
the means for Ist-lSth August and for ISth-SOth August is just significant, 
corresponding to P = 0*05, but in view of the small numbers involved and 
also of the fact that later counts showed a rise in rudiment number this figure 
is not regarded as very reliable. The difference between the means for 
lst-15th August and Ist-lSth October was found to be highly significant, 
however. This result strongly suggests that new rudiments are continuously 
produced during the first part of the season, and that no considerable reduction 
in rudiment number as a result of oviposition takes place. No individuals 
which had not oviposited were dissected after the first week in August. Late 
in the season, however, production of new rudiments becomes less or ceases, 
so that a fall in the number of rudiments results from continued oviposition. 
It has been mentioned above that towards the end of the season the rudiments 
begin to degenerate in the ovarioles, degeneration beginning at the top of the 
ovariole. The average number of rudiments for the second half of October, 
though larger than that for the first half of the month, does not differ from it 
significantly. 

In M, maculalus and in S. lineatus the position is similar, a fall in the 
average rudiment number occurring in the first half of October. 

0. viridahis presents a rather different picture from the above. The 
difference between rudiment numbers for 16th-30th June and lst-15th July 
is significant, the number being higher in the latter period. This may mean 
that new rudiments are produced during the first part of adult life, without 
being counter-balanced by oviposition, but it is also possible that later emerged 
adults had more rudiments per ovariole, and that the average for the popula- 
tion was thereby raised. It is interesting to note that none of the individuals 
from which the figures for these two periods are compiled had, in fact, oviposited, 
th(* first individual with corpora lutea being dissected on 6th August. The 
difference between the means for i6th-3()th June and lst--15th September is 
highly significant, again showing a fall towards the end of the season, which 
came earlier for viridulus than for the other species. The differences between 
means for lst-15th September and lst-15th October, however, is not significant. 
This result is not easy to explain, though it may be that very little oviposition 
occurred during September. 

In Ch, bicolor also a significant difference was found between the means 
for 16th- 31st October and ist-15th September, after which no further signifi- 
cant fall occurred until November. The difference between 16th“31st October 
and lst-8tli Noveml>er is also significant, indicating a very rapid fall in rudi- 
ment number which could probai)ly not be entirely accounted for by oviposi- 
tion. It may be due to the degeneration of rudiments which has already been 
described. Ilic fact that no fall occurred during September and October 
indicates that in this species, too, egg rudiments can be continuously produced, 
and it is thought that this process may have been hindered during August by 
the unusually hot, dry weather, resulting in a shortage of food. 

It was hoped that dissections of caged grasshoppers, which had oviposited 
a known number of times, would throw further light on the question of the 
production of egg rudiments. 
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The number of pods laid was added to the average number of rudiments 
per ovariole when dissected, giving the total eggs produced by each ovariole. 
For two specimens of 0. viridulus the figures were 22*6 and IfrO respectively; 
for four specimens of Ch. parallelm 19*6, 19-5, 17*6 and 17*0 respectively ; 
for three specimens of S, lineatus 26-0, 20*6 and 17*6 respectively, and for three 
specimens of Ch. bicolor 29*3, 28-6 and 13-6 respectively. 

The results are inconclusive, since the figure obtained for “ total eggs ** 
is never greatly in excess of the sum of the average and standard deviation 
for the species as shown in Table II. In most cases, however, and particularly 
in Ch. parallelus and Ch. hicolor, it is nearer to this upper limit than to the 
average for the species, and when it is remembered that some of the grass- 
hoppers considered were taken as adults in the field, and might have oviposited 
several times before they were caged, the figures obtained appear to be at 
least not incompatible with the assumption that new rudiments are produced 
during adult life. The method of dissection of caged individuals appears to be 
capable of providing a definite answer to this question, when sufficient results 
are available for strict statistical treatment. 

These results as a whole afford strong evidence that in all the species con- 
sidered egg rudiments are continuously produced in the adult, and that it is 
not possible to deduce the number of eggs which can be laid from a count of 
the rudiments in a newly-emerged adult. 

This conclusion contradicts the results obtained by Rubtzov (1934), who 
estimated potential fertility from counts of rudiments in recently emerged 
adults. Rubtzov states that not more than half of the total number of eggs 
originally present was deposited. It is interesting in this connection to com- 
pare the number of rudiments per ovariole in four species of British grass- 
hoppers with those given by Rubtzov (1934) for the same species from Siberia. 


Number of rudiments per ovariole m 
adults which have not oviposited. 




Siberian. 

BriUsh. 

S. lineatus 


26-29 

16- 8-24- 5 

0. vindulus 


27-29 

11-6-29-0 

Ch. albomarginatus . 

. 

17-20 

9-2-16-6 

Ch. parallelus . 


16-18 

13-0-18-6 


It is apparent that in British grasshoppers the range of variation is greater 
and the average smaller than in the Siberian grasshoppers. A further difference 
may be deduced from Berezhkov’s (1929) and Maltsev’s (1925) observations 
that Ch. albomarginatus produces on the average 15 egg pods per female. 
Rubtzov (1934) assumes that each pod will contain on the average 7 eggs, 
makmg the total number laid about 100. This assumption must mean that 
30 per cent, of the ovarioles are small,” a much higher proportion than was 
found in any British species. It is unfortunate that in the present investiga- 
tion only six specimens of Ch. albomarginatus were dissected, but these six 
gave 10 per cent. “ small ” ovarioles, a figure comparable with that obtained for 
the other species. This difference suggests that there must be more competi- 
tion for food between the ovarioles in Siberian than in British grasshoppers. 



241 


of the ovaries in Brirish Aorididae (Orthoptera) 

which must mean either that less food is available or that the rate of egg 
production is higher in Siberia. The differences are presumably correlated with 
the very different climatic conditions, and it is suggested that in Siberian 
grasshoppers the difference between rate of oviposition and rate of production 
of new egg rudiments is so great as to mask the latter process. It certainly 
appears that in dealing with British grasshoppers it is not possible to deduce 
potential fertility from a count of the rudiments per ovariole in young adults, 
but much more information is required as to the effect of climate and food 
supply on the rate of production of eggs and of new rudiments before the 
suggestion made here can be properly discussed. 

A comparison of the course of events in CA. bicolor and in the other species 
suggests that Ch. bicolor is less well adapted than the others to temperature 
conditions in Britain. 

The summer of 1947 was imusually warm and dry, and was followed by 
a dry autumn with very little frost. Ch, bicoloi was found fairly commonly 
until 8th November, only one day earlier than the latest date recorded by 
Lucas (1920), and did not show any decrease in rudiment number before 
November, except the temporary fall noted in August. It seems very probable 
that in a less favourable year the species would disappear much earlier and 
that the fall in rudiment number would not be observed. It is possible, of 
course, that under such conditions the production of new rudiments would 
cease earlier and the fall would occiu* sooner, but the fact remains that in 1947 
the other species showed the fall in rudiment number and disappeared before 
bicolor. The conclusion suggested is that except in unusually warm summers 
Ch. bicolor does not mature early enough to pass the peak of reproductive 
activity before the weather becomes unfavourable for survival. 

Further evidence for this view is obtained from a consideration of the 
time required for the maturation of the ovaries. The first adult bicolor was 
found on 1st July, and the first which had ovulated on 20th August. In the 
intervening period only 15 were dissected, but these were well distributed 
in time up to 7th August, after which no more were dissected until 2()th August, 
when three were found with mature eggs and one with eggs in the oviduct. 

It appears, therefore, that about one month was required for maturation of the 
ovaries, compared with about one week for Ch. parallelus, derived from similar 
data. Further, nymphs of Ch. bicolor were last found in some numbers on 
19th August, and the last adult which had not oviposited on 4th September. 
This interval is less than that in July, as might be expected if the species 
does, in fact, require warmer conditions for the attainment of maturity. It 
should be noted, however, that the first pod laid by the caged bicolor was 
deposited on 21st July, and some individuals oviposited less than three weeks 
after becoming adult. The conclusion as to the time required for maturation 
may, however, still be true of a wild population as a whole. 

The Eggs. 

Records were kept of the numbers and sizes of eggs in the oviducts and in 
the ovarioles. The length of the egg was measured in each case with an eye- 
piece micrometer. Normally, little variation was found between eggs in the 
same individual, except, of course, where small ovarioles were present. 
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Some conclusions may be drawn from these records by comparing egg- 
sizes in mature adults which have not oviposited, mature adults which have 
recently ovulated (recognized by the presence of eggs in the oviduct or of 
large empty follicles) and mature adults which have not recently ovulated. 

The average size of egg^ in “ not recently ovulated ” grasshoppers was 
found to be nearer to the average size of an egg from the oviduct than to the 
size of eggi in ‘‘ recently ovulated ” individuals. This may indicate that a 
period of rather rapid growth follows ovulation, and is itself followed by a 
period of slower growth when the new egg^ is almost ready. Except for 
definitely abnormal individuals, any grasshopper which has already oviposited 
gives the impression, on being opened, of being almost ready for ovulation. 
However, in view of the probability of the occurrence of a period of slower 
growth, and of the fact, noted in the section dealing with maturation, that 
the eggs may apparently be retained in the oviduct for some time, the period 
between successive ovipositions must be quite variable. Some evidence has 
been brought forward by Nefedov (1936) that definite oviposition periods 
occur in some grasshoppers in Siberia. The evidence is based on a calculation 
of the percentage of “ mature ” grasshoppers at dilferent periods, and this 
percentage is shown to fall sharply at intervals. If such outbursts of oviposi- 
tion do, in fact, occur, they are probably due to the occurrence of conditions 
suitable to oviposition and/or the completion of maturation, since the present 
study has provided evidence that the growth of eggs is essentially a continuous 
process. 

Records of numbers of eggs in the oviducts show that in Ch, parallehis 
the average (for 12 individuals) is 9*2, for 0. viridulus 8-5, for S. lineatus 6*4, 
for Ch, bicolor 12*2, and for M. macAilatus 4-3. 

The figures for average numbers of eggs in the oviducts, having regard to 
the number of ovarioles, show that Ch. parallelus is more efficient in egg pro- 
duction than the other species, sim^e there is less difference between the average 
number of eggs produced at one time and the normal number of ovarioles. 
This result may be compared with the low percentage of “ small ” ovarioles 
found in Ch. parallelus. 


The Effects of Parasitism. 

Some of the grasshoppers dissected were found to be parasitized by larvae 
of the fly Blaesoxipha. The eft'ects on the ovary of the presence of (Jalliphorid 
larvae are similar in all species. The number of larvae present is of coiLsider- 
able importance, since where only one larva was present, especially when it 
was small, the effect was slight. Usually two or three larvae were present, 
when the appearance of the ovary was quite characteristic. 

In grasshoppers less affected each ovariole contains a normal number of 
rudiments. Eggj is fairly large, but very commonly consists of only a flattened 
shell. Eggg is frequently as large as eggj, and may also be flattened (fig. 5). 
Corpora lutea are usually found where the ovariole joins the oviduct. It 
appears likely that the maturation of eggs continues in such individuals, but 
that the ripe egg is not passed into the oviduct, but degenerates in its follicle, 
while eggg continues to grow as it would if egg^ were normally ovulated. 

Loose eggs are commonly found floating in the body cavity. This condi- 
tion may be produced as a result of the growth of egg 2 or higher eggs distending 
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the follicle, which then bursts. The bursting may be helped by movements 
of the parasites. The presence of corpora lutea may be due to the degeneration 
of the eggs, or may only indicate that ovulation occurred before the parasite 
exerted the full effect. 

In those individuals which have been more affected by the presence of 
parasites, the rudiments in some or all of the ovarioles degenerate. In such 
cases eggi and probably two or three more eggs are present, though some at 
least of them are flattened, but the upper ends of the ovarioles degenerate and 
the ovarioles are frequently entangled, probably by the movements of the 
parasites. In such cases it is often difficult to determine the number of 
ovarioles, and it is obvious that the presence of parasites has prevented further 
egg'production. 

One specimen of Ch. parallelus, containing one parasite, showed no abnor- 
malities, and appeared in fact to have ovulated shortly before dissection. 
One specimen of Ch. bicolor, also with one parasite, showed no abnormalities, 
and one of 0. viridulus, with a large parasite, had fully-formed eggs in the 
ovarioles. The eggs, however, were slightly wrinkled and may have begun 
degenerating. 

A number of grasshoppers were dissected in which flattened eggs were 
present in the ovarioles and in which eggg was larger than usual, but in which 
no parasites were found. It was at first assumed that these had been para- 
sitized and had survived the emergence of parasites. This, however, seems 
unlikely in view of the number of such grasshoppers found. The total number 
of all species dissected from random collections which contained parasites 
was 14, and the number dissected with similar abnormalities but not con- 
taining parasites was the same. It would thus be necessary to assume that 
survival for some time after the emergence of one or more parasites was the 
rule rather than the exception, and this appears unlikely. More probably, 
when ripe (*ggs are not passed into the oviduct for any reason they degenerate, 
and eventually only flattened shells remain. At the same time eggg develops, 
so the appearancie produced by the presence of parasites is due only to the 
failure of ovulation. 

Evidence for this view was afforded by a specimen of Ch, bicolor, which 
contained only one small parasite, and was not obviously affected by its 
presence. When dissected it was ovulating, and it was noted that, while a 
number of eggs had already passed into the oviduct, others were still in the 
follicles, and two were tightly jammed in the neck of the follicle. These two 
were pulled through into the oviduct, and a groove was found round each 
where it had been held in the constriction. That the holding of the egg was 
not due to the dissection is shown by the fact that it was never noted in any 
other grasshoppers which were dissected while ovulating. The small size of 
the parasite also suggests that it prevents ovulation by means of a secretion 
which is passed into the body of the grasshopper. Somewhat similar ap- 
pearances are noted by Rubtzov (1934) in grasshoppers parasitized by mites. 
Here, apparently, ovulation occurs, but the eggs degenerate in the oviducts, 
producing a condition similar to that described in the last paragraph on 
abnormalities below. 

Grasshoppers may be attacked by Blaesoxipha either as nymphs or as 
adults. One fourth instar nymph of Ch, parallelus was parasitized, while, on 
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the other hand, adults were dissected at the end of September, which contained 
quite small larvae. 


Abnormalities. 

In the course of the dissections a number of abnormalities were noticed. 
Those resembling conditions produced by parasitism have been described 
above. Amongst the others a few appear to throw some light on normal 
function and may be worth consideration. Two of these showed the forma- 
tion of a corpus luteum in an unusual position. 

A specimen of 0. viridulus dissected on 17th September had some flat eggs 
in the ovarioles, and in one ovariole a patch of yellow tissue, resembling a 
corpus luteum, at the lower end of the follicle of eggg, i.e. between eggg and 
eggi (fig. 7). Eggi was an empty shell, which had burst out of its follicle, and 



Figs. 6-7. — (6) Abnormal ovariole of S. lineatiis, showing adhesion to the oviduct and 
corpus luteum. Below the adhesion the ovariole is empty (ov, sheath), (7) Ab- 
normal ovariole of 0, viridulus, showing flat eggj escaping from follicle {JoU,) and 
corpus luteum below egg 2 . 


eggg was much smaller than usual, and of rather irregular shape. It is probable 
that the occurrence of degeneration in the ovariole was the cause of the pro- 
duction of this corpus luteum. 

The other example was a specimen of S, lineatus, which appeared normal 
with the exception of one ovariole. This ovariole was attached, at a point 
near its upper end, to the upper end of the oviduct. Rudiments were present 
in the upper part of the ovariole, but below the point of adhesion to the oviduct 
the ovariole was completely ‘‘ empty.” At the point of adhesion a patch of 
yellow tissue was developed (fig. 6). This again appears to indicate that the 
corpus luteum is associated with degeneration. 

A few examples were found in which the oviduct was swollen with some 
substance other than normal secretion (which coagulates immediately in water) 
or was quite hard and black. This was always associated with degenerating 
or flattened eggs, indicating that failure to ovulate results in the degeneration 
of the ripe eggs. 
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The Relation Between Weight and Matubity. 

The records of weights of grasshoppers were used to determine the possible 
existence of a relation between weight and nearness to oviposition. The 
results are given in Table IV. Eggs of slightly different lengths have been 
grouped in some cases, largely to obtain a sufficient numoer of weight readings 
for a given egg-size. 

Table IV, — Average Weights of Grasshoppers with Egg^ of a given Length, with 
Numbers Dissected and Standard Deviations. Those with Eggs in the Ovi- 
duct are included together, irrespective of the Size of Eggi. 


0. virididtu. 


Egg length (mm.) . 

3-9 

46-4*8 

6*0 

6*6-60 

Eggs in oviduot 

Number dissected . 

4 

24 

12 

11 

10 

Average weight (mg.) . 

282*2 

289*4 

292*8 

302*6 

321*9 

Standard deviation 

33*3 

41*5 

49*0 

32*6 

69*0 

i. paraMelua. 

Egg length (mm.) . 

33-4*0 

4*6 

6*0 

6*2-60 

Eggs in oviduot 

Number dissected . 

3 

17 

18 

16 

14 

Average weight (mg.) . 

185 

189*6 

211 

210*4 

209 

Standard deviation 

26*0 

30*2 

22*1 

23*7 

31*8 

lineatus. 

Egg length (mm.) . 

• . 

4*6-60 

6*6 

6*0-65 

Eggs in oviduot 

Number dissected . 

. • 

16 

6 

23 

13 

Average weight (mg.) . 

. 

269*1 

271*2 

296 

274 

Standard deviation 

• 

30*7 

37*0 

36*0 

39*7 

k bicohr. 

Egg length (mm.) . 

. 

30-4*0 

4*5 

5*0-56 

Eggs in oviduot 

Number dissected . 

• • 

11 

23 

29 

16 

Average weight (mg.) 

. 

212 

228*4 

238*6 

248 

Standard deviation 

• 

38*14 

26*9 

19*1 

38*6 

. mactdatus. 

Egg length (mm.) . 

, , 

• . 

3*0-39 

4*6 

Eggs in oviduct 

Number dissected . 

. • 

• • 

4 

7 

8 

Average weight (mg.) 

. 

. . 

107*2 

129 

131*6 

Standard deviation 

. • 

• • 

6*1 

6*2 

11*6 


It is clear that a steady increase in weight occurs with increase in egg-size. 
Individuals with eggs in the oviduct have a higher average weight than all 
the others except in Ch. parallelus and S. lineatus, where the average for those 
with eggs in the oviduct is less than the average for those with the largest 
®ggs. This is probably because the size of ripe eggs varies considerably 
between different individuals of the same species, and in grouping together 
all those with eggs in the oviduct, some have been included with large eggs 
and some with small eggs, whereas in the other groups all those with large 
eggs are separated from those with small ones. The weight is therefore 
regarded as a measure of egg-size rather than of maturity. Because of this 
and because of the wide variation in weight of individuals with the same 
egg-size, the weight of one individual cannot be taken as an index of maturity. 
The average weight of a sufficiently large sample of a population, however, 
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may be of some use in estimating the maturity of the population. In particular, 
it might be used to test the suggestion of Nefedov (1936) that definite periods 
of oviposition occur, as after such an outburst the average weight of the popula- 
tion should show a steep fall. 


Summary. 

1. Specimens of Omocestus viriduluSy Stenoboihrus UneatuSy Ghorthippus 
paralleluSy Ch, bicolor and Myrmeleotettix maculatus were collected at intervals 
throughout the summer, weighed and dissected. Th^ condition of the ovaries 
was noted, eggs in the ovarioles and oviducts were measured and those from 
the oviducts weighed. 

2. The process of maturation of the ovaries was followed, and it was noted 
that corpora lutea are formed after the eggs have passed into the oviduct, so 
that individuals which have oviposited can be recognized. The lowest egg in 
each ovariole is c*alled egg^. 

3. The number of ovarioles in each species was counted and found to be 
variable in Ch, bicolor and S. lineatuSy but fairly constant in the other species. 
It appears that the variation is possibly seasonal and some suggestions are 
made as to the causes of this. 

4. Degeneration of egg rudiments in the ovarioles late in the season was 
noted. 

5. The occurrence of relatively undeveloped ovarioles was observed, and 
it is suggested that this is due to competition for food between the ovarioles. 
The percentage is lowest in Ch, parallelus. 

6. The number of egg rudiments per ovariole was calculated for each species 
for each semi-monthly period. No significant decrease occurs before the end 
of the season and it is concluded that rudiments arc continuously produced 
during adult life, at least until late summer. Evidence pn this point from 
caged grasshoppers is shown to be not incompatible with this conclusion. 

7. The length of egg^ was measured in nymphs, immature adults and 
mature adults of each species. In mature individuals which have not recently 
ovulated the average length of egg^ was found to be nearer to that of an egg 
from the oviduct than to that of egg^ in mature grasshoppers which have 
recently ovulated. It is concluded that ovulation is followed by a period of 
rapid growth of egg^. 

8. The average number of eggs in the oviduct was calculated and it was 
found that this differs least from the normal nximber of ovarioles in Ch, parab 
lelusy which is concluded to be most efficient in egg production. 

9. The -effects on the ovary of parasitism by Blaesoxipha larvae were 
investigated. Evidence was obtained that ovulation is prevented and that 
developed eggs degenerate in the ovarioles. 

10. Certain abnormalities were noted, two of which suggest that the forma- 
tion of the corpus luteum is a result of a degenerative process. 

11. The relation between weight and maturity was investigated. Weight 
was found to increase with increasing egg-size and it is suggested that the 
average weight of a population may be used in estimating the maturity of 
the population. 
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Introduction. 

Palorus^ Mulsant is placed in the subfamily Ulominae of the family 
Tenebrionidae. The subfamily contains a number of species associated 
with stored products, notably the species of Tribolinm MacLeay, which 
have been the subject of many studies. Palorus ratzebi^rgi Wissman is fre- 
quently found in neglected comers of mills and granaries, where it is associated 
with Calandra (Kunike, 1934 ; O’Farrell and Butler, 1948), and it has also 
been reported on flour, bread and other cereal products. It is, however, of 
minor importance as a pest, and little is known of its life-history and habits. 
The fullest account of the life-history of a member of the genus is contained in 
a short paper by Zvierozomb-Zubovski (1923) on P. ‘‘ depressus ” (probably 
P, suhdepress'm). The genus has been reviewed by Blair (1930), and the 
larvae of the British species have recently been described by van Emden (1948). 

The observations recorded in this paper were made during 1941-2 at 
University College, Exeter, in connection with the Standing Conference on 
Pest Infestation of Produce. The work was carried out under the general 
supervision of Dr. O. W. Richards. Material was supplied by the Pest Infes- 
tation Laboratory of the Department of Scientific and Industrial Research. 
In the limited time available it was considered advisable to extend the obser- 
vations over as wide a field as possible, rather than to mak^an intensive study 
of any special aspect. Many of the conclusions reached should therefore be 
regarded as only tentative or approximate, but it is felt that the general picture 
obtained may be of some interest. Thanks are due to Dr. H. E. Hinton, 
Mr. W. D. Hincks and Mr. G. J. Kerrich for assistance with literature and lor 
helpful suggestions. 

The Egg. 

Beetles did not oviposit in empty vessels, but did so readily in flour, when 
kept at temperatures of 26''C. or more. Eggs were obtained by sifting the 
flour, using a 60-wire mesh sieve (aperture ()-21 mm.) ; they measured about 
0-45 mm. in length and 0*30 mm. in breadth. In order to facilitate the separa- 
tion of eggs, the adults were kept in flour that had previously been passed 
^ Sometimes known by its synonym Caenocarse Thomson. 
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through the sieve. The surface of the eggs was sticky and they were normally 
covered with particles of flour, or were found attached to the glass of the vessel 
in which the adults were kept. 

To determine the length of the incubation period, a culture was sifted at 
daily intervals, and each batch of eggs was kept in an empty watchglass and 
examined each day. At about 24° C. and a relative humidity of roughly 
60 per cent., the eggs hatched in 7 to 10 days, the average for 90 eggs being 
8 days. At about 27° C. the incubation period was 4 to 6 days, with an average 
for 76 eggs of 6-4 days. 


The Larva. 

Forty- two newly hatched larvae were placed separately in small flat glass 
dishes, the bottoms of which were covered with a thin layer of sifted flour 
(86 per cent.’ extraction). They were kept in an incubator at about 30° C. 
and 65 per cent. E.H., and examined daily for cast skins. Sixteen of these 
larvae completed their development : 3 passed through 6 instars, 7 through 
7 instans, and 6 through 8 instars before reaching the pupal stage. Of the 
26 that died, 14 did so in the second instar. 

The duration of each instar showed considerable variation, as may be seen 
from the following figures, based on the 16 larvae^ whose development was 
completed : 


Instar 

. 1 

2 

3 

4 

5 

0 

7 

Last 

Total 

Minimum (days) 

. ] 

5 

4 

4 

3 

4 

4 

7 

30 

Maximum (days) 

. 3 

13 

8 

10 

15 

9 

9 

14 

59 

Average . 

. 1-8 

8 5 

6-9 

6-0 

6-1 

6-2 

64 

) 9-3 

45-1 


At about 24° C. the second instar averaged 10 days ,and the last instar 
13 days. 

A few rough observations were made on development at variable summer 
temperatures. About 200 fairly well-grown larvae, of approximately the 
same size, were divided into five groups of about 40. One group was kept at a 
temperature of 30° C. as a control, and the other groups were placed in the 
laboratory and in three greenhouses. The results are given in the accom- 
panying table. 


Temperature C i\). Time to pupation (days). 



Minimum. 

... ,»r 

Maximum. 

Mmimum. 

Maximum. 

Incubator . 

30 

30 

8 

18 

Stove greenhouse 

. 18-22 

26-31 

22 

40 

Tomato greenhouse 

. 11-5-19 

Usually 21*6-27 
(over 27 on 3 days) 

30 

50 

Cool greenhouse . 

(normal range 12-5-21) 

42 

55 

Laboratory 

10 

20-5 

60 

Over 76 


(over 25 on 3 days) 

It will be seen that the time of development in these buildings was several 
times as long as in the controls kept at 30° C. In unheated buildings in Britain 
larval development would take several months, and it is unlikely that more 
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than one generation would be passed in a summer. Development would be 
favoured by the artificial heating of buildings, as, for instance, by milling 
machinery, or by the heating of grain. 

The first instar larva is unpigmented and transparent, but in the second 
and subsequent instars the larvae are more strongly sclerotized except imme- 
diately after ecdysis. In each instar the head is large in proportion to the 
body at first, but the body lengthens and the head ap])ears small towards the 
end of the instar. Shortly before ecdysjs the larva becomes quiescent, and its 
body shortens. Ecdysis takes place by a splitting of the skin on the top of the 
head and the anterior part of the dorsal side of the body, the }X)sterior end of 
the abdomen being the last part to be removed from the old skin. The first- 
instar larva is 1 -7 mm. long. 

Some measurements were made of the width of the head capsule in larvae 
of known age. Owing to the variation in the length of the larval stages, an 
increasing degree of overlap took place in the later instars. The largest larvae 
had head-widths of 048 mm. Head-widths measured by van Emden (1947) 
ranged from 0-.‘15 to 0-54 mm. 


Instar. 

1 

2 

3 

4 

5 


Head-width (rnm.). 

013-010 
0-21 -0-23 
0-23-4)-28 

0-29--0-34 (approx.). 
0-35-0-39 (approx.). 


About three days before pupation at 30° ( ^ the larva forms an oval chamber 
in the flour, usually near the glass of the tube. Inside this cliaml)er it becomes 
quiescent, ceases to feed and takes on a curved, shortened form. Similar 
cham})ers were noticed lanong grains of wheat, the walls made of dust and 
('xcreinent. Larvae will, however, pupate normally in empty tubes. 

The larvae nvo n(‘gatively phototactic. In illuminated cultures in glass 
vesstds there is a tendency for the ])upal chambers to be formed on the shaded 
side. Fully developed larvae put into a long vertical tube of flour biurowed 
down to a maximum de})th of (iO cm. and pupated deep in the flour. 

Hough tests indicated that at about 25° 0. and 00 per cent. R.H. larvae 
kept without food in empty tubes or in sand survived for 8-16 days. These 
tests were carried out on 30 half-grown larvae. In another experiment, 
10 fully developed larvae were kept in empty tubes at 30° V, and 05 per cent. 
K.H. ; they all pupated normally within 7 days, and all but two of them 
emerged as adults ; the last adult died 15 days after the begimiing of the 
experiment. 

The Pupa. 

The pupal stage at 30° C. lasts from 4 to 7 days, the average for 16 indi- 
viduals being 6 4 days. At 26° C. the length of the pupal stage is about 7 days, 
and at about 24° C. it is approximately 10 days. In a room with a temperature 
range of 13- 33° C. pupae took about 18 days to emerge. 

The pupa is at first quite colourless, but pigmentation of the eyes can be 
detected after a day or two and gradually deepens. Towards the end of the 
TRANS. R. ENT. SOC. LOND. 100. PART. 10, (OCT. 1949.) 12§ 
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pupal stage sclerotization of the mandibles takes place, and about a day before 
emergence the whole pupa turns brown. In flour cultures the pupal stage is 
normally passed in the chamber constructed by the larva, and it is often 
possible to observe them through the glass of the vessel. The pupa is able to 
change its position in the chamber by a rapid flexion of the abdomen, and the 
same movement is shown if the pupa is touched. 

The sexual difference in the terminal abdominal segment is very similar 
to that of TriboUnm (Good, 1936). In the female, but not in the male, there is 
a pair of appendages anterior to the urogomphi. There appears to be a rela- 
tively high proportion of females ; out of 21 9 pupae sexed from various cultures 
over a period of 7 months, 99 (45 per cent.) were male and 120 (55 per cent.) 
were female. A similar excess of females occurs in Tnbohum (Good, 1936). 

The Imago. 

When freshly emerged the imago is almost white, but pigmentation rapidly 
develops, and the full colour is attained in a few days. The imago is at first 
quiescent ; after three days at 30“ C. it begins to dig with its head and legs, 
and when about four days old it burrows its way out of the chamber. At 
room temperatures of 14-4-22-2“ (*., imagines remained in the pupal (*hamber 
for 5-11 days after emergence. 

The len^h of the preoviposition period was studied by mating males and 
females of known age. They were sexed as pupae, and at a known period 
after emergence were placed together in small tubes of flour which was sifted 
at daily intervals to determine when the first eggs were laid. At 30° V. mature 
virgin females, when mated with mature males, begin to lay eggs one or two 
days after mating. 


Temp. 


Age m days 

when mated. 

^ 

Number 
of cased. 

Days to 
brel enf!. 

Age in days when first 
eggs laid. 



/ 

Female. 

Male. 

Female. 

Male. 

30° C. 


0-5 

264- 

12 

2 6 

2-7 

, , 



25-37 

0 

4 

r> 8 

(av. 5) 

5-8 



0-3 

(h-5 

13 

2-10 

3-11 

(av. 6) 
2-11 

25° f'. 


4 

Old 

2 

13 

(av. 6) 
17 

(av. 7) 



28 f- 

I 5 

5 

12 20 

, , 

15-25 



0 4 

(VO 

12 

13-30 

i:i-39 

(av. 19) 
13-39 


(av. 21) (av. 24) 

The experiment showed that at 30° C. both sexes are mature in less than a 
week after emergence, but at 25° G maturity is delayed to two or three weeks. 

The imagines live for several months at least. One female of unknown age 
was isolated in April and kept at 25° 0. until it died in the following November. 
Two other females lived at 30° C. from before September until May of the 
lollowmg year. Eleven females known to have emerged early in February 
were kept at 30' C\ until the end of July, when they were still laying eggs. 
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Two females k(‘pt immatod for 86 and 109 days from emergence began to lay 
fertile (»ggs when mat('d with males aged 102 and 100 days respectively. 

(Jopulation was observed frequently, and appears to take place several 
times in the life of the insect. Copulation lasts for about a minute. 

Th(' general behaviour of the adults is very similar to that ot Trihiliam 
as described by Park (1 934) and Good (1936). They are negatively phototactic. 
They also appear to be negatively geotacti<*, as they tend to walk up an inclined 
plane in the dark When kept in glass dishes they show a marked tendency to 
try to climb up the sides of the dish, with the result that they fall on their 
backs. They cannot climb up clean glass, but can escape from dusty glass 
tubes. They have a tendency to get into small crevices. They feed while 
walking slowly over the surface of the flour, picking up ])ieces as they go and 
(*arrying them with the mouthparts. A beetle was seen to pick up a cast larval 
skin with its front legs and chew it with its mandibles, pushing it forward 
with its fore feet. To disagreeable olfactory stimuli or to a light touch with a 
needle on the head or antenna the beetle reacts by retreating a f(»w steps and 
then setting off in a different direction. Strong stimuli induce* a state of 
(‘atalepsy which lasts for about a minute and cannot be prolonged by further 
stimulation. Jf a beetle* fails on its back on a fiat surface it cannot right 
itself ; it moves its l(‘gs and antennae and twists its prothorax to one side, 
until one of the tarsi reache's an object in the neighl)ourhoo(l. In one case a 
beetle' was ol)serveel to spread its wings while struggling on its back ; this was 
the only occasion in which s})re*aeling of the wings was seen. Flight was never 
observe*d. No e*xudation of scent was noticed, su(*h as oce*urs in Tnbohvm, 

Survival without food ap])i*ars to de*penei upon temperature and liumidity, 
but only a lew rough experiments were niaele, the results of which arc tabulateei 
below ; 


(bnditioiih of exiKTiment. 

Teini). 

Ap])rox. 

R.H. 

Nuinlxir of 
beetles. 

l>ays Bun ivod. 

Empty tubes 

HO ('. 

05% 

15 

H 8 

(^losed vessel containing \vat(*r 

V. 

100% 

3 

7 14 

Empty tubes 

25 M'. 

80% 

10 

8 — mon' tbiin 10 

Sand .... 

25' V. 

80%, 

10 

0 more than 10 

Open vessel in lab. ; expt. 

Summer Uncontrolled 7 

18 28 

started May 21 

R.T. 




dosed vess(*l containing 

Summer 

100% 

10 

18-50 

water, in lab. ; exj^t. 
started May 21 

R.T. 




Closed vessel containing 

Winter 

100% 

3 

08 122 

water, in lab. ; expt. 

R.T. 





started Nov. 24 

Low temperature and high humieiity appe*ar to favour survival without foeid. 

In the last experiment, three bei'tles Avere ke])t in a glass staining-jar in 
which was plac(*(l a tube oi water. The jar \vas kept in the lalioratory through 
the winter, and the beetles lived lor 38, 77 and 122 days respectively. The 
temperature fell to 4^ C. for short periods, but it did not drop below 10° V, 
lor more than two days at a time. It was noticed that the beetles became 
motionless when cooled to 10° C. 
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Ra'I'e of Oviposition. 

A number of femaJes, mated soon after emergence, were kept separately in 
tubes containing sifted 85 per cent, extraction flour. Tlie flour was rcsifted 
every two days to determine the number of eggs produ(*.ed. Ten insects 
treated in this way were found to lay eggs for between 164 and 170 days, 
vrhen the experiment was discontinued. The temperature was maintained* 
at C., and the relative humidity averaged 80 per cent., though 

varying from 68 to 84 per cent. 

The number of eggs produced per two-day period rose rapidly for 8 or 
10 days from the appearance of the first egg, and after remaining at a high 
maximum level it showed a tendency to fall off. In continuously mated 
insects the greatest rate of ovi}x>sition Avas found during the period 20-60 days 
from the ajipearance of the first (^gg. The averagi' daily rates for five pairs 
during this period, and also during the period 115-155 days, were as follows : 


Female 

Average daily egg yield. 

No. 

20-00 dayii. 

115-155 dajs. 

1 

31 

31 

2 

3-8 

41 

3 

39 

2-7 

4 

3-9 

41 

5 

5-3 

3-9 


A seri(\s of five females at least six months old (exact agt‘ unknown), 
under the same conditions as the younger seri(‘s, show(‘d daily averages oi 
1*2, 1-2, J -7, 21 and 2*5 eggs respectively over a 28-day })eriod. 

The number of eggs laid by eacli beetle during successive two-day periods 
showed considerable fluctuation. Tlie highest yield in two days was 14 eggs, 
in one instance ; 13 eggs were recorded three tini(‘s, and 12 eggs eleven times. 

In a parallel series ol five (6-10) the males weie removed immediately egg- 
produ<*tion had begun. The changes in the rate of oviposition are shown in 
the following table : 




Average daily i 

o{'K-yk‘l<l. 


Female 

No. 

()-20 days. 

30-41 da,) s. 100-1 20 days. 

Aftf*r male added. 
128-100 days. 

6 

4-0 

1-5 

0-5 

4-6 

7 

3-4 

4<t 

1-5 

30 

8 

4-6 

f*-() 

0-3 

3*8 

<) 

3-0 

3-4 

2-8 

2-6 

10 

40 

5-4 

2-3 

2-5 


in three cases (6, 7 and 8) tlu‘ egg ])roduction was redin^ed to a much Iowct level 
than in the continuously mated controls. When males were added after 120 
days tJu' (‘,gg pi odiiction of the three females ros(‘ rapidly to a level com]iai*abl(j 
with that of the ( ontmuously mated iemales. Females 1) and 10, however, 
showed a smallcj* decline in tlie rate of oviposition, and the addition of males 
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had no significant effect. It appears, therefore, that in some cases more than 
one copulation is necessary to maintain egg production, as in Tribolmm con- 
fusum (Dick, 1937), but in others a single copulation is effective for over 120 
days. 

The effectiveness of a single copulation is shown by the following experi- 
ment : A yoimg virgin female was mated, and copulation was observed to 
take place at once. The male was removed immediately, and the egg-produc- 
tion was followed by sifting at two-day intervals for 140 days. During this 
period only a slight decline was observed, from a rate of 4*2 eggs per day during 
the period 10~«5() days to one of 3 5 eggs per day during the period 120-140 
days. At the end of this time at least some of the eggs were fertile. 

The rate of oviposition is much lower at 25*^ C. than at 30° C. Thirteen 
females that had been kept at 30° C. were placed in an incubator at 25° C. 
During the previous 20 days at 30° C. they laid an average of 32 eggs per day ; 
from the 6th to the 19th day after the fall of temperature the average per day 
was 6 5. Not all the beetles were affected equally ; two ceased to lay alto-, 
gether, while at the other extreme two continued to lay at two-thirds of the 
former rate. Some typical examples are given below : 


Average number of egg^J per day. 


20 days at 30° C. 

6-19 days after fall 
of temp, to 26 ' C. 

Katio. 

2-4 

1-6 

0-67 

3-6 

1*6 

0-44 

2-6 

0*4 

0-14 

2-8 

0-1 

0-05 

4-2 

0-1 

()-02 

3-2 

0*0 

0-00 

Aoerage of IS cases : 



2-5 

0-5 

0-20 


The lower temj)erature limit lor oviposition would thus appear to be not much 
below 25° V, 

A few observations w^ere made at room temperatures. Tw^o yount? females 
that had laid from two to four eggs a day at 3b° C. were kept m the laboratory 
from March 19th till June 2nd, at a temperature range erf 10 20 5° i\ Durmg 
this period one beetle laid one egg and the other laid three eggs. They were 
then returned to 30° C\, and after tour days oviposition began and lapidly rose 
to a level of 5 to 7 eggs per two-day period. A sinular experiment w^as carried 
out on seven young females m a greenhouse m which the inmimum temperature 
ranged from 11 5-14° C. and the maximum temperature from 19 5-28 5° C. 
At 30° C\ the seven females produced an average of 27 eggs a day ; during 
the first eight days in the greenhouse they laid altogether only 34 eggs ; after 
this, oviposition almost ceased, only six eggs bemg laid m the next 48 days. 

The production of eggs is reduced if the females are kept m Hour of low 
moisture content. Five females, whose oviposition rates in flour at 30° C. 
and 80 per cent. K.H. ranged from 3*0 to 5 4 eggs per day, were placed in flour 
that had been kept at 30° C. in a desiccator over magnesium chloride (32 per 
TRANS. R. ENT. SOO. LOND. 100. PART 10. (OCT. 1949.) 12§§ 



K M. oil 


^0 

cent, R.H.). The beetles were kept in the desiccator and the flour was sifted 
every two or three days for eggs. They laid frora 1-3 to 2*6 eggs per day. 
They were then returned to flour at 80 per cent. R.H, for about 14 days, and 
the experiment was repeated, using anhydrous calcium chloride (13 per cent. 
R.H.). During 14 days over calcium chloride the average oviposition rate 
was 0-6 to 1 1 eggs per day. 

Development in Vabious Food Materials. 

The food materials were placed in small glass vials, one inch in diameter, 
the vials being filled to a depth of about half an inch. To each vial was added 
a known number (16 to 26) of eggs not more than two days old, and the vials 
were kept in an incubator at 30° C. The contents of each vial were emptied 
out on a tray about every five days, and the living larvae or pupae coimted. 
Owing to the difficulty of finding very small larvae, the first counts were in 
most cases made 15-20 days after the begmning of the experiment. Pupae 
were kept till they emerged, and the probable date of pupation was estimated 
from the date of emergence. Supposing the eggs to be on the average one day 
old, and the egg stage to last about five days, it was possible to estimate the 
length of larval development. The results for food materials in which develop- 
ment was completed are listed below : 


Food 

Percentage 

Estimated 

Ifl.'TVA.I 

Food Percentage 

Estimated 

1a.rvflLl lifin 

material. 

pupating. 

JLCIf A V C¥A AUw 

(days). 

material. 

pupating. 

MW A w CwA JUA V 

(days). 

Wheat : 



Maize : 



Grams . 

24 

32-44 

Damaged grains 

20 

36 

“ Bemax ” . 

55 

22-26 

Flaked , 

8 

46 

85% flour 

50 

24-29 

Flour , 

7 

64-76 

“ Coarse siftmgs ” 58 

21-33 

Split peas 

5 

48 

White flour . 

42 

24-37 

Lentils 

18 

46-57 

‘'Old flour . 

20 

26-41 

Sago 

5 

86 

Broken grains 

24 

26-32 

o 



Macaroni 

10 

29-32 

Tapioca : 



Semolina 

33 

34-56 

Powdered 

5 

44 




Pearl 

5 

64 

Oats : rolled 

50 

25-48 







Dried milk 

10 

48-56 

Barley • 



Sweet almonds . 

15 

34-41 

Grams . 

18 

35-37 

Linseed : 



Pearl 

23 

32-44 

Seeds . 

10 

48-52 

Rice ; 



Cake 

10 

32—48 

Polished 

30 

31-38 

Dried apricots . 

5 

66 

Ground . 

20 

37-39 

'Caraway seeds . 

3‘ 

60 

Jlaked . 

20 

57-92 

Gmger; powdered 

26 

60-68 


Prom the table it will be seen that the most rapid development and the best 
survival occurred in wheat products and in rolled oats. Among wheat products 
the best results were obtamed in matenals containing wheat germ . 85 per cent, 
extraction flour, “ coarse siftmgs ” (the fraction of 86 per cent, extraction 
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flour that was retained by a 30-mesh sieve), and “ Bemax ” (a product con- 
taining a large proportion of wheat germ). In white flour the larval develop- 
ment took somewhat longer ; half the pupae were formed in 36 days as com- 
pared with 26 days in the 86 per cent, extraction flour. Mortality was higher 
and development relatively slow in “ old flour,” which had been used for a long 
time in a culture of Palorus, and contained large quantities of trass. 

Development was completed on unselected wheat grains, but the newly 
emerged larvae are apparently unable to attack intact grains. Twenty eggs 
were added to intact wheat grains that had been examined individually under 
a microscope for signs of damage ; no larvae were found alive after 14 days, 
and the grains had not been damaged. Repetition of the experiment gave the 
same result. On the other hand, larvae were able to attack wheat grains that 
showed very slight cracks in the region of the embryo ; they passed their earlier 
development inside the grams. When grown in wheat grains, the larvae 
nearly always removed the embryo ; in only one case was a grain attacked 
elsewhere than through the embryo. Damage to wheat grains closely resembled 
that done by other Tenebrionidab, as described, for instance, for Tribohum 
destructor (Mathlein, 1943), Eleodes hisjdlaris (Wakeland, 1926), and various 
soil-living species in the Ukraine (Shchegolev, 1925). 

The larvae were unable to feed on intact oat grains ; in one experiment, in 
which 20 eggs were added, two small larvae were alive 24 days later, but they 
died before the 30th day, and as there were no signs of damage to the grains 
they were presumably feeding on the dead bodies of other larvae. Intact 
maize grains were not attacked by young larvae, older larvae or adults, but if 
the grains had already been damaged by Calandra the larval development was 
completed, and adults laid eggs when kept in damaged maize grains. In 
haricot beans, one very small larva was still alive 22 days after 20 eggs had 
been added, but no damage to the beans was detected, and it was probably 
feeding either on dust or on the remains of the dead larvae. 

There was some development in dried figs ; 20 eggs were added, and three 
living larvae were found after 22 days ; in 28 days Wo of these larvae were 
fairly large, but they were dead in 36 days. No development occurred in 
currants and dried apple. Under the comparatively high humidity in which 
the experiment was conducted, dried fruit tended to become moist and sticky, 
and this may have prevented the development of the larvae. 

In tea, from 20 eggs added, one small larva was still alive 33 days later. 
In another experiment, two very small larvae survived for 13 days in tea. 
It seems probable that these larvae were feeding on the bodies of those that 
died. 

Completely negative results were obtained when eggs were added to the 
following materials : Mustard, curry powder, cinnamon, ground coffee, cocoa 
powder, cloves, tobacco and mat6 tea. Large larvae survived 8 days in 
tobacco, 8 days in coffee and 17 days in cocoa, after which they pupated. 

These experiments indicate a close resemblance between the nutritional 
requirements of Palorus and those of Tnbolium confusum (Fraenkel and 
Blewitt, 1943) and T, destructor (Mathlein, 1943). 

A few trials were made with natural materials. When 20 eggs were added 
to dead insects, one larva survived for more than 33 days and grew to a medium 
size ; it did not, however, complete its development. Medium-sized larvae 



268 Dr. P. M. Butler’s (ihieffmiiom on the 

grew when kept in a culture of dead insects, but the experiment was not com- 
pleted owing to the development of moul^. In decayed wood from a tree 
trunk, several larvae survived 16 days and one of them 18 days, but all were 
very small. In soil, one very small larva was still alive 13 days after 20 eggs 
had been added. There was no development in broken cork. 

Besides wheat flour, oviposition was observed when adults were kept in 
the following materials : slightly damaged wheat grains, Bemax,” macaroni, 
rolled oats, pearl barley, rice grains, ground rice, flaked rice, damaged maize 
grains, com flour, almonds, and curry powder. Adults survived for over 
60 days, but did not oviposit, in tapioca and sago. In intact wheat grains 
the death-rate of adults was high, but a small number of grains was attacked. 
There was no survival of adults in intact maize grains, intaqt dried peas, 
mustard, cinnamon, ground coffee, cocoa powder, tea, mate tea, or broken 
cork. In decayed wood five adults lived for over 13 days, but were all dead 
by the 18th day. 

A Comparative Survey of Tenebrioniu Life-histories. 

In this section an attempt is made to review the literature on the life- 
histories of members of the Tenebrionidab, and to compare Palorus ratze- 
burgi with other members of the family. 

Size of Egg, 

The following papers give measurements or scale drawings of the eggs of 
various species : Zvierozomb-Zubovski, 1923 (Palorus suldepresms) ; Brindley, 
1930 (Tnbolium confusam) ; Chapman, 1919 (T, confusum) ; Fletcher and 
Ghosh, 1921 (1\ castaneum, Lathetimb oryzae) ; Mathlein, 1943 (Tnbohum 
destructor) ; Morison, 1926 (Chiathocerus cornutns)\ Chopra, 1928 (Alphiobius 
laevigatus) \ Tischler, 1937 (A, diapernms) ] (^otton and" St. George, 1929 
(Tenebrio inolitor, T. obscurus) , Oglobin and Kolobova, 1927 (Asida lutosa, 
Pimelia subglobosa, Blaps halop/ula, B, lethfera^ Opatrum sabulosmn, Pedinus 
femorahs, Platyscelis gages, Crypticas qvtsqmlius) ; Kozlova, 1938 (Opatrum 
tnste) ; Jack, 1914 (Dusus aequale) ; Coleman and Kunhikaiman, 1918 (D, 
hoffmannseggi) ; Kodionov, 1927 (D, pusillus) ; Jack, 1918 (Zophosis bom, 
Psammodes scrobiculans, P. strmhs, Distretus amplipenms, Trachynotus gem- 
Gulafvs, Anomahpus plebeius) ; Mail, 1937 (Blapstinns substr^atus) ; AVade 
and St. George, 1923 (Eleodes suturalis) ; Gissler, 1878 (E, gigantea). 

Although there is a rough correlation between the size of the egg m the 
Tenebrionidab and the size of the adult, the relative size of the egg differs 
considerably in different species. In Gnaihocerus and Alphitobius, for example, 
the length of the egg is 20-26 per cent, of the length of the adult, while at the 
other extreme, in Blaps and Eleodes, they are relatively much smaller, only 
()-9 per cent, of the length of the adult. The Ulominae all have relatively 
large eggs ; in Paloms ratzeburgi the length of the egg is about 17 per cent, of 
the adult length, which compares closely with 18 per cent, for Tnbohum 
confusum. Opatrum also has relatively large eggs, but in Tenebrio the eggs 
are small. Forms with large eggs have a shorter larval life than forms with 
small eggs ; moreover, they lay their eggs at a slow rate over a long period of 
time, whereas forms with small eggs lay many in a short time (Dick, 1937). 
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Stichiness of Egg. 

Stickiness of the surface of the eggs when first laid is a character very 
widespread in the family, and may be universal. It has been recorded for 
Tribolium confusum (Brindley, 1930), T. castaneum (Good, 1933), T. destructor 
(Mathlein, 1943; Ilejmclds, 1944), Gnathocerus cornutus (Morison, 1925), 
Alphitobius diaperinus (Tischler, 1937), Tenebrio molitor and T. obscurus 
(Cotton, 1927) and Eleodes hispilaris (Wakeland, 1926). 



Fig. 1. — Recipioeal of incubation period plotted against temperature. From data 
published by various authors. 

• Tribolium confusum. □ T. destructor, l\ T, cmtanmm. 
o Alphitobius diaper luvs, > Palorus ratzeburgi. 

The dotted luie represents Tenebrio mohtor (pomts not mdicated). 

Incubation Period. 

The incubation period becomes considerably reduced with rise of tem- 
perature, and many of the references in the literature are of limited value 
owing to the lack of temperature data. The following papers give the incu- 
bation periods of various species at recorded temperatures : Brindley, 1930 
(Tnbolmm confusum) ; Good, 1933, 1936 (T. confusimiy T. castaneum ) ; ("^hap- 
man and Baird, 1934 (T. confusum); Stanley, 1939 {T. confusum); Miller, 
1944 {T. confusum, T . jcastan&um) ; Okuni, 1928 (T. castaneum); Mathlein, 
1943 (T. destructor) ; Tischler, 1937 (Alphitobius diapei'inus) ; Sanderson, 1910 





{Tendbrio moUtor) ; Cotton and St. Goorge, 1929 (T. mditor, T. ohscfurm ) ; 
Oglobin and Kolobova, 1927 (Asida lutosa, Blaps halophila^ B. iMhifem^ 
OpatTvm saMosum, Pedinus femoralis, Platyscelis gages) ; Mail, 1937 {Blap- 
stinus svbstriatus), 

' According to the formula of Blunck, as applied by Bodenheimer (1926), 
the rate of development varies as the “ effective temperature/’ i,e. the difference 
between the recorded temperature and the minimum temperature for develop- 
ment. The reciprocal of the incubation time was therefore plotted against 
temperature, and for each species for which sufficient data had been obtained 
the points lay reasonably near a straight line (fig. 1). The. minimum tem- 
perature at which development of the egg takes place is represented by the 
point where the line meets the temperature axis. It is about 10-11® C. in 
Tendifio molitor and Tribolvum destructm, probably somewhat higher (about 
13° C.) in Tenefyrio obscurus, about 16° C. in Tribolium confusunhy and probably 
a little higher (about 17° C.) in T. castaneum. The slope of the line is greatest 
in T. castaneumy intermediate in T. confusum and least in T. destmctor and in 
Teneb,io ; at temperatures above 25° C., T. castaneum develops appreciably 
faster than the other species, and is thus able to make better use of short 
periods of high temperature. Data for Palorus ratzeburgi were obtained at 
only two temperatures, and are insufficient to deduce the minimum temperature 
for development ; at 27° C., however, the rate of development resembles that 
of T. castaneum, and the difference between the rates of development at 27° 
and 24° C. would imply a high minimum temperature for development of the 
egg, Alphitobius diaperinus at 30° C. also develops rapidly. 

Duration of the Pupal S^ge, 

The length of the pupal stage at known temperatures is recorded for the 
following species : Tribohum confusum (Brindley, 1930 ; Chapman and Baird, 
1934; Park, 1935; Good, 1936; Miller, 1944); T. castarieum (Good, 1936; 
Miller, 1944) ; T. destructor (Mathlein, 1943) ; Alphitobius diapeninus (Tischler, 
1937); Tenebrio molitor (Krogh, 1914; Sanderson, 1910; Payne, 1932; Cotton 
and St. George, 1929) ; T, obscurus (Cotton and St. George, 1929) ; Eleodes 
suturalis (Wade and St. George, 1923). 

When these results are plotted in the same way as the data for the incu- 
bation period, a similar picture is obtained (fig. 2), The minimum temperature 
for development .of the pupa is lower in Tribolium destructor and in Tend)rio 
(about 10-11° C.) than in Tribolium confusum and T, castaneum (about 18° C.). 
With increase of temperature the rate of development increases most rapidly 
in T, castaneum, and most slowly in T, destructor and Tenebrio, T, confusum 
being intermediate. Palorus ratzeburgi and Alphitobiut diaperinus approach 
T, castaneum rather than T, confusum. 

Duration of the Larval Stage, 

The apparent similarity between the temperature relations of the incubation 
and pupal periods suggests that the larval stage would also be affected by 
temperature in the same way. The growth of the larva is, however, largely 
dej^ndent on the rate of assimilation of food, and the duration of the larval 
period varies considerably with the food medium. This is shown by the work 
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of Fraenkel and Blewits (1943) on TnboUtun confusum, as well as the ezperi* 
meats on Palortts described in the present paper. Chwd (1933, 1936), Park 
(1935), and Miller (1944) have also investigated the effect of nutrition on the 
development of the larvae of TriboUum. Each of these authors, however, 
worked at a single temperature, and comparison of their results is difficult 
owing to differences in food material and culture methods. Chapman and 
Baird (1934) give the length of larval life of T. confusum at three temperatiures 
under similar conditions of feeding ; at 22° C. the larval life averaged 60-6 days, 
as compared with 17*3 days at 32° G. This implies that development would 



2 

Fio. 2. — Reciprocal of pupation penod plotted against temperature. IVom data 
published by vanous authors. Symbols as m fig. 1. 

cease at about 17° C. Menusan’s (1936) figures for the time of development of 
r. confusum from hatching to the emergence of the imago, at 31*1° and 24-7° C. 
and various humidities, give by extrapolation a minimum temperature of 
development of 14 16° C. Mathlein (1943) gives the mmimum larval life of 
T, destructor in rye flour at temperatures ranging from 30-31° C. to 16-17° C. 
By extrapolation from these results it would appear that the rate of develop- 
ment falls to zero at about 11° C. The minimum larval life occupied 70 days 
at 19-20° C. and 160 days at 16-17° C.; these figures agree with those of 76-96 
days at 20° C. for Embaphion muricatum (Wade and Bbving, 1921), and 110- 
130 days at 16° C. for Eleodes suturalis (Wade and St. George, 1923). 

At high temperatures the larval life of Triholium castaneum is longer than 
that of T. confusum under the same conditions. Miller (1944) compared the 
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development of the two species in the same food materials, and found that 
under good feeding conditions the average larval life of T. castaTimm at 30° C. 
and 76 per cent. R.H. was 18’5 days, as compared with 20 days for T. confusum ; 
the minima were 16 and 17 days respectively. At 27° C., Good (1936) found a 
minimum larval life of 22 days in T, castaneum and 30 days in T, confusum, 

Mathlein’s (1943) results for T. destructor indicate a much slower larval 
development at high temperatures than in T, confusum ; at 28° C. the minimum 
larval life was 31 days. This compares with Tischler’s (1937) figure of 32-38 
days for the larval period of Alphitobius diaperinus at 30° C., and the best 
result (26-30 days) obtained for Palorus ratzeburgi at 30° C. The slow develop- 
ment oi these three species may well be due to suboptimal conditions of culture ; 
in the experiments on Palorus there was a high death-rate even in the most 
suitable food materials. 

That other factors than feeding may be at work is shown by the prolonged 
larval life of species of Tenebrio even at relatively high temperatures. Hein 
(1923) states that the shortest larval period of T. molitor occupied 9'J months 
at 30° C., and Lepesme (1944) gives 160-180 days as the length of larval life 
at 28° C.'in T. molitor, and 90 days in T, obscurus. 

Number of Larval Instars, 

The Tenebrionidae show considerable individual variation and specific 
difference in the number of larval instars. The normal number in the llLOMmAE 
is 6-8, but under conditions of drought or starvation the number can be 
increased to 11 or more. Thus the usual number in Tribolium confusum is 
7 or 8 (Good, 1936), in T. destructor it is normally 6 (Mathlein, 1943), in Laiheiicus 
oryzae 6-9 (Barnes and Grove, 1916), in Gnathocerus coryiutns 6 (Morison, 1925), 
in Alphitobius diaperinus 7 (Tischler, 1937), and in Palorus ratzeburgi 6 to 8. 
A similar number has been found in other subfamilies ; thus Dasus hqffmann- 
seggi has normally 7-9 (Coleman and Kunhikaiman, 1918), though in dry 
conditions this can be increased to 13; Ele^ydes suturalis has 6 (Wade and 
St. George, 1923), and Opatrum triste has 7 (Kozlova, 1938). In Eleodes 
hispiJaris SLiid E, sulcipennis (Wakeland, 1926), 11 instars have been recorded 
however, and Opatnmi sabulosum is stated by Oglobin and Kolobov (1927) to 
have 19 instars. It seems unlikely that so great a difference would exist 
between species in the same genus, and these data may have been obtained 
from insects bred under unfavourable conditions. However, in other species 
the number of instars seems always to be large ; thus Tenebrio molitor has 
from 15 to 21 instars (median 17), according to Cotton (1927), while Hein 
(1920) gives the number of instars in this species as 10-16. In T, obscurus 
Cotton recorded 13-23 instars (median 16) ; Oglobin and Kolobova (1927) 
state that Blaps halophila has 12 instars and Pedinus femoralis has 11. A large 
number of instars is correlated with a prolonged larval life, either, as in Tri- 
bolium, the result of unfavourable conditions, or, as in Tenebrio, a normal 
character. 

Relative Durations of the Instars, 

The first instar is relatively short and the last one relatively long in Palorus 
ratzehcrgi, Tribolium confusum (Brindley, 1930 ; Good, 1936 ; Park, 1935) 
and T, castaneum (Good, 1936), the intervening instars being about equal 
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in length. In Alphitobius diaperinus (Tisehler, 1937) the last instar is prolonged, 
but the first is similar to those that succeed it. The duration of each instar is 
afifected by temperature, and results obtained at uncontrolled temperatures 
arc not comparable, especially in those species that hibernate in the larval 
stage. It is likely that the first instar is usually the shortest in the TbKE- 
BRioiJiDAE ; thus in Tenebrio moUtor (Cotton and St. George, 1929), in June and 
July, when the temperature was very roughly 21^30^ C., the first instar occupied 
2~4 days and the second 7-16 days ; in Eleodes sutural, is (Wade and St. George, 
1923), at approximately 15*5^ the first instar averaged 6 days and the sub- 
sequent instars between 10 and 27 days, though there was great variation ; 
in E, hispilaris (Wakeland, 1926) the first instar averaged 9'5 days, and the 
second lV 3 days ; in Blapstivus sabstriatus (Mail, 1937) the first instar lasted 
7 days and the second 20 days ; in Dasus hoffmannseggi (Coleman and Kunhi- 
kannan, 1918) the first instar was the shortest in five life-histories tabulated ; 
in Opattum triste (Kozlova, 1938) and Blaps halophila (Oglobin and Kolobova, 
1927) the first instar is again the shortest. Exceedingly prolonged instars 
occur in Tenebrio, Blaps, Eleodes and other forms that pass the winter as larvae, 
presumably the result of a fall of temperature below the minimum for develop- 
ment. 


Prepapal Laroa and Pupal CelL 

A semi-dormant prepupa 1 condition occurs in Pal or us ralzeburgi, P. sub- 
depressus (Zvierozomb-Zubovski, 1923), Tnbolium eonfusum and T, casfanmm 
(Good, 1933), Alphitobius diaper inns (Tisehler, 1937), Embaphion muricatum 
(Wade and Boving, 1921), Eleodes suUirahs (Wade and St. George, 1923) and 
species of Tenebno (Cotton, 1927). It probably occurs in all species of the 
lamily (Oglobin and Kolobova, 1927). Except in Tenebno and Tnbohum, 
which pupate on the surface of the food material, the construction of an oval 
cell by the larva before pupation seems to be almovst universal in the family. 
Among ULOMiiVAE this lias been noticed in Gnatliocerus cornutus (Morison, 
1925) and Aljdntobins diaperinus (Tisehler, 1937), as well as in Paloru'^ ratze- 
burgi. Eleodes, Dasus, Opairum, Blaps and other terrestrial forms pupate 
in cells in the soil (Wade, 1921 ; Wade and 8t. George, 1923 ; Jack, 1913 ; 
1914, 1928 ; Burns, 1929 ; Keuchenius, 1915 ; Oglobin and Kolobova, 1927). 
Other species excavate pupal chambers in decayed wood, e.g. Pentaphyllus 
and Ilelops (Perris, 1877), or in fungus, e.g. Boletophagus (Penis, 1877). In 
Ceropna and Plaiydema (Kemner, 1926) the larva spins a cocoon with a 
secTctJon from the mid-gut, and it is not impossible that a similar secretion is 
used to consolidate the lining of the pupal cell. 

Preom position Period, 

Few observations have been made on the preoviposition period in Tenebrto- 
NIDAE. Mathlein (1943) gives 68-120 days as the preoviposition period of 
Tnbolimn destructor at J3-15'’C., 21 29 days at 17 19"^ C., 12-22 days at 
25-26° C., and 12-16 days at 28° C. From thcvse figures it can be deduced 
that the preoviposition period would become infinitely long, i.e. no eggs would 
be laid at all, at about 11° C., which is also the minimum temperature at which 
the eggs develop. Reynolds (1944) studied the same species at 25° C., and 
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found that when both sexes emerged at the same time the average length of 
the preoviposition period was 16 days, but was reduced to 12 days if the male 
was mature ; it was influenced by the food material. Less is known about 
other species of TriboUum, Good (1936) gives records of ten matings of T. 
confmum at 27° C. ; the beetles were mated 3-6 days after emergence, and the 
females began to oviposit at an average age of 8*2 days, the males at that time 
averaging 8*1 days. Some data are supplied by the same author for T. cas- 
taneum, in which eleven matings were made 1-11 days after emergence ; the 
average age of the females when the first eggs were laid was 9*2 days and that 
of the males 10*8 days. Tischler (1937) sa 3 rs that Alphitobius diapmnm 
copulates a few days after its full colour is attained, a process which takes 
3 days at 30°, but 20-26 days at 18-26° C. In Palorus ratzeburgi the first eggs 
are laid at an average age of 6-7 days at 30° C., and 19-24 days at 26° C. ; 
this is a much greater retardation of maturity with fall of temperature than in 
Tribohum destructor^ and implies that the minimum temperature for oviposition 
is appreciably higher, probably over 20° C. 

A preoviposition period has been noticed in other subfamilies, but no 
observations have been made under conditions of constant temperature. 
In Tenebrio (Cotton and St. George, 1929) it lasts from 6 to 18 days at summer 
temperatures of about 27-30° C. Ehodes suturalis, according to Wade and 
St. George (1923), begins to lay eggs 20-22 days after emergence. In other 
species a much longer preoviposition period has been recorded ; Dasus depressus 
in the East Indies (Keuchenius, 1915) becomes mature 6 or 7 months after 
emergence ; Zophosis boiei (Jack, 1918) emerges in Rhodesia at the beginning 
of the wet season (November), but does not lay eggs till March or April ; 
Opatrum triste in the Crimea (Kozlova, 1938) emerges in the late summer but 
does not oviposit till the following spring. In these cases it is unlikely that 
temperature is the only factor which delays oviposition. 

I 

Adult Longevity, 

The majority of Tenebrionudae appear to be long-lived as adults, and 
go on laying eggs for a long time. Thus Tnbolium confusum at 27° (\ has an 
oviposition period of 136-325 days (Good, 1933), T. destructor at 25° C. 140 410 
days (Reynolds, 1944), and Gnathocerus cornutus oviposited over a period of 
eight months at room temperature (Morison, 1925). An adult life of well over 
a year has been recorded for Tribolium (Good, 1936), Blaps, Ahis, Pimelm, 
Adesmia (Labitte, 1916) and Ehodes (Wade and St. George, 1923). On the 
other hand, in Tenebrio molitor and T. obscurus the females live on the average 
for only 65 and 84*5 days respectively and have a correspondingly short ovi- 
position period (Cotton, 1927 ; Dick, 1937). Palorus evidently resembles 
Triholium in its long life and oviposition period. 

Rate of Oviposition, 

In Tribohum confusum the average number of eggs laid per day varies a 
great deal with the temperature, humidity, food and other factors. Dick 
(1937) obtained an average rate of 8*1 eggs per day at 27° C. and 65 per cent. 
R.H. during the period of maximum oviposition (24-32 days after emergence). 
Chapman and Baird (1934) obtained a rate of 10*7 eggs per day at 32° C., 
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6*6 at 27® C,, and 1*9 at 22® C. Brindley (1930) obtained between 5 and 18 
eggs per day at 29’7° C. (daily averages of 10 pairs ranged from 9 to 14). Under 
suboptimal conditions of culture much lower rates of oviposition are obtained 
(e.g. Park, 1935, 1936). In Palorus ratzeburgi the rate of oviposition was 3*1 
to 5*3 eggs per day at 30® C. at the maximum period ; these figures could no 
doubt be raised if special attention were paid to the conditions of culture, 
and it cannot be concluded that Palorus oviposits at a lower rate than Tri- 
holium confusum. Refolds (1944) obtained a rate of l*6Ht'4 ecus per day in 
T, destructor at 28® C. 

In accordance with the shorter oviposition period, the species of Tmebrio 
lay eggs at a greater rate, as many as 62 eggs being laid in a day by a specimen 
of T. obscurus (Cotton, 1927). Great differences occur in Tribolium and 
Palorus between the number of eggs laid on successive days, and these differences 
appear to be accentuated in Tenebrio. A periodicity in oviposition has also 
been noticed in Opatrum trisie (Kozlova, 1938) ; after each laying of usually 
5-6 eggs, there is an interval of 1-2 days, which becomes prolonged to 4 or 
more days as the season advances. A similar periodicity probably occurs in 
Eleodes svluralis, which frequently lays 10-60 eggs together in one nest in the 
soil (Wade and St. George, 1923). 

The lower temperature limit for oviposition is well above the lethal mini- 
mum temperature, and as a result the Tbnebrionidab lay eggs only in the 
summer in temperate climates, although in most species the adults survive 
the winter. According to Dick (1937) the lower limit for oviposition in Tri- 
bolium confusum is between 14® and 16® C. In T, destructor it is stated by 
Mathlein (1943) to be between 13® and 14® C. In Palorus ratzeburgi it seems 
to be somewhat higher, perhaps over 20® C. 

Life-cycle in Relation to the Seasons, 

Two main types of life-cycle are found in Tenebrionidae living in tem- 
perate climates. In the Ulominae the winter is passed in the adult state, 
and oviposition is restricted to the warm part of the year ; the larval develop- 
ment is completed during the summer months. Palorus clearly falls into this 
group ; it oviposits only when the temperature approaches 25® C., and the 
growth of tbc larvae is very adversely affected by cool conditions. On the 
other hand, Tenebrio passes the winter as a larva which pupates in the spring ; 
the adult lives for only a few months in the year. Ai^ong soil-living Tene- 
BRiOEfiDAE, Opatrum sabulosum and Dasus pusillus overwinter as adults 
(Oglobin and Kolobova, 1927), while Blaps, Pedinus, Platyscelis and Eleodes 
hibernate as larvae, which have a slow rate of development. In the last four 
genera the adults survive the winter as well as the larvae, and they thus differ 
from Tenebrio^ although according to Blaisdell (1909) Eleodes clavioornis is 
exceptional in that it probably lives only one season, and according to Wade 
and Boving (1921) over- wintering adults of Embaphion muricaium have a 
heavy mortality. Eleodes his pilaris takes two years to complete its develop- 
ment (Wakeland, 1925), probably owing to the brevity of the growing season. 
Adults which survive the winter may oviposit in two successive summers, e.g. 
Blaps halophila (Kolobova, 1925), or may delay oviposition until after hiber- 
nation, e.g. Opatrum trisie (Kozlova, 1938). In tropical climates with a seasonal 
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rainfall, the life-histories are similarly related to the dry season (Jack, 1918, 
1928 ; Coleman and Kunhikannan, 1918). When conditions are suitable* 
throughout the year, the life-cycle is apparently not related to the seasons, 
but breeding is continuous ; this occurs probably with Tribolium confusum in 
the Gulf States (Grood, 1933), and in continuously heated mills in cooler climates. 

There are only a few scattered references to the effects of cold on adult 
Tenebrion'idae. Stark (1940) says that below 11"^ C. Blaps halophila and 
B, lethifera show scarcely any reaction to food. Opatrum triste (Kozlova, 
1938) becomes torpid soon after the soil temperature has dropped below lO"" C. 
Palorus ratzeburgi becomes torpid at about the same temperature. Blapstinus 
subsPriatus does not feed at 8° C. (Mail, 1937). According to Oglobin and 
Kolobova (1927) hibernation of various species found in the soil of the Russian 
steppes occurs when the temperature falls to 7° C. Tribolium destructor 
(Mathlein, 1943) becomes torpid at 5*5"^ C. Data on the lethal effects of low 
temperatures are equally scanty. A temperature of 7° C. kills all stages of 
Tribolium confimim, adults being more resistant than larvae (Nagel and 
Shepard, 1934). T, destructor can survive to a lower temperature, but is killed 
by 40 days’ exposure to 3*5° C. (Mathlein, 1943). Temperatures below 10° C. 
are injurious to Gnathocerus cornulm (Morison, 1925). Larvae of Tenehrio 
molitor can survive for four months at a temperature of 0*5 to 5° C. (Mathlein, 
1943). The ability to withstand winter cold must be one of the main factors 
controlling the distribution of Tenebrionidae in temperate latitudes. The 
distribution of Palorus ratzeburgi in unheated parts of mills seems to indicate 
that this species can survive at a IcTwer winter temperature than Tribolium 
confusum^ but there is no direct evidence for this. 

Natural Habitats and Feeding Habits in the Tenebrionidae. 

Tenebriontdae are found in two main types of habitat ; ,in and on the soil, 
and in association with decayed trees. Of the terrestrial forms, some are 
littoral, many prefer sandy situations, and terrestrial Tenebrionidae form an 
important part of the fauna of deserts. Others are inhal)itants of the soil of 
grassland areas, where a number of species are agricultural pests (Wakeland, 
1921 ; Oglobin and Kolobova, 1927). Of the subfamilies found in forested 
areas, some inhabit the forest floor, the Boletophaginae and most Diaperinae 
live in fungi growing on trees, and the Ulomtnae, TenebrioniNae and Helo- 
PINAE are found mostly under the bark and in the decayed wood of trees. 
Except for Blaps, all the Tenebrionidae associated with stored products are 
of arboreal origin. Species of Palorus have been found under the bark of trees 
in Europe (Champion, 1896 ; Seidlitz, 1898), and species of Tribolmm occur in 
the same habitat in Europe and North America (Good, 1933, 1936 ; Leech, 
1943). Palorus, Tribolium and Latheticus are frequently associated with 
wood-boring beetles, particularly Bostrychidae (Andres, 1931 ; Beeson in 
Blair, 1930), and the related Hypophloeus is associated with Scolytidae 
(Peyerimhoff, 1919). Alphitobius is also found under bark (Seidlitz, 1898; 
Blair, 1928, 1935), and species of Tenebrio occur in decayed wood and similar 
situations (Leclercq, 1948). 

The terrestrial Tenebrionidae are predominantly vegetarian. Their 
larvae for the most part live in the surface layers of the soil and feed on roots, 
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or gnaw the stems of plants just below the surface of the ground. Gilyarov 
(1927) concluded as a result of field studies that Opatrum sabulosurn is primarily 
a humus-feeder in the larval state, but attacks plants to obtain food if the soil 
is poor, or moisture if the soil is dry. There are many references in the literature 
to damage done to the roots or seedlings of agricultural crops ; Coniontis 
(Vaile, 1913; Campbell, 1924), Psammodes (Jack, 1918) Trachynoius (Jack, 
1913, 1918), Distretus (Jack, 1918), Blaps (Sakharov, 1939), Eleodes (Wade 
and St. George, 1923 ; Wakeland, 1926), Embaphion (Wade and Boving, 1921), 
Opatrinus (Dash, 1917), Blapstinus (Campbell, 1922, 1924 ; Mail, 1937), Ulus 
(Campbell, 1924), Anomalipus (Jack, 1918), Dasus (Jack, 1914, 1918, 
Keuchenius, 1915 ; Coleman and Kunhikannan, 1918 ; Sakharov, 1939 ; 
Hendrickx, 1943), Opatrum (de Bussy, 1913 ; Aoyama, 1920 ; Kozlova, 1938 ; 
Sakharov, 1939). The adults live on the surface of the ground and gnaw 
the stems of plants ; in some cases they have been reported as eating leaves 
and buds. References to economic damage done are : Zophosis (Jack, 1918), 
Blaps (Vassiliev, 1913), Eleodes (Essig, 1913), Blapstinus (Mail, 1937), Dasus 
(Jack, 1918; Coleman and Kimhikannan, 1918; Anderson, 1924; Uichanco, 
1928; Sakharov, 1939; Bums, 1929; Hendrickx, 1943), Opatrum (Aoyama, 
1920, de Bussy, 1914; Soursac, 1924; Kozlova, 1938; Sakharov, 1939). 
Adults and larvae also damage seeds in the groimd, particularly attacking the 
embryo and young sprout : Zophosis (Jack, 1918 ; Roubaud, 1916), Uomala 
Roubaud, 1916), Asida (Wade, 1921), Blaps (Kolobova, 1925), Eleodes (Wade, 
1921 ; Wade and St. George, 1923; Wakeland, 1926) ; Embaphion (Wado and 
Boving, 1921), Plaiyscdis (Shchegolev, 1925), Pedinus (Shchegolev, 1925 ; 
Shchelkanovtsov, 1927), Blapstinus (Wade, 1921), Dasus (Jack, 1914, 1918, 
1919 ; Shchegolev, 1925), Emyofi (Jack, 1919). 

Some terrestrial species have also been recorded as feeding on dead or living 
animal matter : Psammodes larvae are very cannibalistic in confinement 
(Jack, 1918) ; P. carbonarius eats the eggs and even the nymphs of a locust 
(Cardoso, 1925) ; I'rachynotus yriseus is strongly attracted by dead insects 
but will not eat living insects (Jack, 1913) ; T, geniculatus is cannibalistic 
when kept in crowded conditions (Jack, 1928) ; Dasus hojjmannseygi eats dead 
specimens of the moth Setomorpha in })a.c king-sheds in Java (Keuchenius, 
1917) ; Phaleria cadaverina occurs in half-dried corpses of mammals on the 
shore (Seidlitz, 1898). 

Among the arboreal forms, the Boletopuaginae and Diapeiunae are 
fungus-feeders. One member of the Diapertnae occui»s in stored produ(‘ts : 
Alphitophagus bifasciatus, A(*cording to (^hittenden (1917) it occurs wild in 
fungus growing on trees, and develops in moist meal in which fermentation is 
taking place. The natural diet in the Ulominae and Tenebrioninae, to 
which most of the pests of stored products belong, is less clejir. Eckstein 
(1934) failed to rear larvae of Tenebrio molitor on fresh timber, sawdust or 
shavings, and Park and Burrows (1942) were unable to maintain cultures of 
Tribolium confusmn on wood-dust, although when 10 per cent, casein, 1 per 
cent, inorganic salts, 3 p('r cent, dextrose, and 5 per cent, yeast were added 
the insects survived and reproduced. The association of Palrynis, Latheticus 
and Tribolium with wood-boring beetles, many of them “ ambrosia beetles,” 
may indicate that fungi play a part in the diet, but the survival of Tribolium 
and Tenebrio under very dry conditions would imply that fungi arc not essential. 
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Fraenkel and Blewitt (1943) state that TriboUum can utilize cholesterol, 
sitosterol, or ergosterol, and thus could obtain its sterols from animal tissue, 
higher plants or fungi ; carbohydrates are not necessary constituents of its 
diet. There are several records of Ulominab and TBNBBRioNmAB feeding 
on animal tissue, usually dead or in a helpless state. TriboUum costaneum eats 
dead insects (Parker, 1916), the eggs of Siiotroga cerealdla (Alden and Farlinger, 
1931), the eggs and pupae of Eph^tia kuhniella (Kiinike, 1939) ; T. confumm 
eats its own eggs and pupae in crowded cultures (Park, 1934) ; T. destructor 
completed its development on dead adults of Ephestia huh'niella (Mathlein, 
1943) ; J. madens has been recorded as attacking Kbionid larvae in leaf-mould 
under a log (Leech, 1943) ; Alphitobius diaperinus will live on dead insects 
(Tischler, 1937) ; Gnathocerus cornutus eats the eggs, pupae and dead adults 
of Ephestia kuhniella (Morison, 1925) ; larvae of Palorus ratzeburgi increased in 
size when kept in dead insects ; Tenebrio molitor larvae have been recorded as 
feeding on their own exuviae and on dead insects (Eckstein, 1934), and are 
sometimes found in the nests of birds, mammals and bees. Palorus exilis, 
Diaclina (Alphitobius) rufotincta and some species of Tenebrio have been found 
presumably feeding on the excrement of bats (Kemp and Chopra, 1924 ; Blair, 
1936). 

As a family the Tbnbbrionidae appear to be basically omnivorous, though 
poorly adapted to a predatory habit. The terrestrial forms have become 
mainly herbivorous, and many of the arboreal forms have taken to a diet of 
fungi. The Ulominae and Tenebrioninae have probably retained the 
primitive omnivorous habit ; they may well eat fungi on occasion, but there 
are no records of attempts to culture them on such a medium. They certainly 
cannot be regarded as specialized fungus-feeders like the Boletophaginab 
and Diaperinae ; perhaps they are adapted to live in dry wood where fungal 
growth is inhibited. The ability of TriboUum, Palorus and Tenebrio to survive 
and oviposit in dry conditions would support this view. 

Their onmivorous habit and their ability to withstand dry conditions 
would provide a basis for the success of Tenebrio and the Ulominae in storage 
conditions. The winged arboreal Tenebrionidae are often attracted by light 
to human habitations in warm climates at night, and economic species are 
sometimes taken at light ; TriboUum castaneum (Blair, 1925), Latheticus 
oryzae (Blair, 1925 ; Andres, 1927), Alphtobius laevigatus (Blair, 1928), A. 
diaperinus (Blair, 1925) and Tenebrio obscurus (Blair, 1925). Alternatively 
the insects could get into stored grain from the timber used in the construction 
of native granaries. Perhaps a propensity to commensalism is shown by the 
occurrence of several species of TriboUum in the nests of bees and ants (Hinton, 
1948) and of Tenebrio in the nests of birds and mammals (Leclercq, 1948). 
Once entry into food stores had been obtained, the spread of the species by 
commerce would become possible. 

Summary and Conclusions. 

A rapid survey of the life-history of Palorus ratzeburgi showed that this 
species closely resembles the species of TriboUum, which it also approaches in 
its general behaviour and dietetic requirements. The following differences 
were noticed : 
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1. The pupal stage is normally passed in a chamber in jbhe food material, 
made by the larva ; before pupation the larvae may burrow far below the 
surface of the food. Tribolium pupates on the surface of the food. The for- 
mation of a pupal chamber is widespread in the Tenbbrionidae, and it is 
probably a primitive character lost in Tribolium. 

2. In some cases, but not in all, only one copulation is sufficient to maintain 
the production of eggs for a very long period. This has been noticed in Tri- 
bolium destructor^ but in T. confusum more than one copulation is necessary. 

3. The development of P. rutzeburgi is adapted to a relatively high tem- 
perature, and it probably resembles T. castarieum in this respect. The three 
species of Tribolium that have been investigated differ in the effect of tempera- 
ture on the rate of development of the eggs and pupae, and probably of the 
larvae also. 

4. The preoviposition period of P. ratzeburgi is much longer at 26° C. than 
at 30° C., and the rate of oviposition at the lower temperature is greatly 
reduced. Oviposition is much more adversely affected by low temperature 
than in T. destructor, and probably slightly more than in P. confusum, 

6. The rates of larval development and of oviposition observed in experi- 
ments were lower in P. ratzeburgi than the best results obtained from T, 
custaneum and T, cMfasum, but comparable with those from T, destructor. 
It is possible that the lower results are due to suboptimal conditions of culture. 

6. Species of Tribolium produce a characteristic odour, which was not 
observed in Palorus, 

It is suggested that Palorus, like other Ulominae, is omnivorous in its 
natural habitat under the bark of trees and in decayed wood, and that the 
Ulominae are differentiated from other arboreal Tenebrionidae like the 
Dlaperinae in their ability to live in dry situations where fungal growth is 
inhibited. 

The paper includes a review of the literature on life-histories and natural 
feeding habits in the family Tenebrionidae. 
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With 10 Text-figures. 

The general morphology of the pupal stage of the British Trichoptera is 
described in this paper^ and is a corollary to the work already published on the 
morphology of the larvae. Trichopterous pupae in the swimming phase (when 
they have cut their way out of the cocoon and are swimming in search of a 
smtable place for metamorphosis) constitute an important item in the food of 
fish, especially trout. Cast pupal skins on stones, or margmal vegetation, or 
floating on the surface of the water are often, however, the only indication to 
the biologist, fisherman or other investigator of a recent “ hatch ’’ of caddis fly. 
In this paper, therefore, special importance has been given to descriptions of 
those features of the pupae it is possible to examine in the cast skins. In 
addition, as many of these latter features as possible are incorporated into the 
key to the families. 

In the work on the larvae referred to above, descriptions were made of the 
fully-grown larvae in the feedmg condition (in those case-bearing types when 
the fore part is still able to emerge from the case in order to forage). This 
paper will thus commence with a description of the cocoon, the prepupal resting 
phase of the larva, and contmue with descriptions of the pupa. 

The material on which this paper is based has been obtamod by the author 
during the rearing of Trichoptera from larvae to adults. Pupae have been 
preserved in the fluid advocated for this purpose by M. E. Mosely — one part 
of commercial formalin to nineteen parts of water — having first been 
placed in “ collecting fluid ” made up of two parts of 2 per cent, solution of 
formalin added to one part of 90 per cent, alcohol. Pupal skins were dehy- 
drated in alcohol and mounted in Canada balsam. ^ 

I would like to place on record my deep* sense of indebtedness to the late 
Martin E. Mosely for all the help and kindly criticism he tendered me during 
the last twelve years. This is my first paper on Trichoptera the manuscript 
and figures of which he has not painstakingly checked against the writings of 
previous authors or with material from the collections under his care. 

All Trichoptera possess papas hberae^ and thus a general resemblance 
to the adult is shown by all pupae. The pupal integument is, for the most 

^ The attention of readers of this paper is drawn to the paper by H. E. Hinton “ Or 
the Function, Origin and Classification of Pupae ”(1949, Proc. Trans, 8, Land, ent, nal 
Hist, 8oc, 1947-1948 : 1 11-164). Hinton proposes the name pupa dectica for oxarate pupae 
(pupa^ Uherae) where functional mandibles exist, as in the Trichoptera. The develop- 
ment of pupal types in relation to their escape from the pupal cell is discussed. 

TRANS. R. ENT. 800. LOND. 100. PART 11. (DEC. 1949.) 
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part, colourless and rather loosely envelops the formed imago lying beneath. 
The general shape of the pupa is, thus, that of the adult insect, and the sizes of 
the different parts of the pupa bear the same relation to each other as in the 
adult. There are, however, some features of the pupal integument of excep- 
tional interest. The mandibles are large, well formed and functional, whereas 
those of the adult, on the other hand, are either absent or mere vestiges and 
are not functional. Moreover, the shape of the pupal mandibles is quite 
unlike that of the larval mandibles. The dorsal hook-bearing plates form a 
series of homy sclerites, variously shaped and situated, and used for gripping 
the sides of the case when emerging from it. Mandibles and dorsal hook-bearing 
plates are yellow, light brown or chestnut, and partly often black in colour in 
contrast to the third special feature of the pupal integument, the anal processes, 
which are of the same colour and texture as the general pupal integument. 
In some families of Trichoptera the pupal integument fits fairly closely the 
imderlying genitalia, in other families two processes emerge more or less elongate 
and usually furnished with bristles. Because the pupal integument is almost 
transparent the underlying genitalia can almost always be seen, so that species 
determination can be made. This cannot, of course, be done with a cast skin. 

The Cocoon. 

All trichopterous pupae are protected by a co(*oon In case-bearing larvae 
the cocoon is made from the larval case by blocking in various ways the front 
and rear openings. The cocoon thus made is anchored by secreted cement to a 
stone, water weed or some other submerged object. In some species the larva 
shortens the case before plugging, by cutting off one or both ends. 

The plugging or sealing of the openings of the case is accomplished in diverse 
ways. In many species, e.g. Limnophilns flamcornis Fabricms, Tnaenodes 
bicolor Curtis, a plug of cut pieces of water weed, tufts of alga o^;* moss, or pi(‘ces 
of vegetable debris, is pulled in either at one end or at each end. This not only 
prevents the ingress of marauding carnivorous insects but often serves to hide 
the general shape of the case which might otherwise show up in its environment 
by its characteristic shape. Some species fill in the openings with a web of 
silk which is perforated in a characteristic manner, presumably in order to 
allow the passage of water through the cocoon for the gaseous exchange needed 
in respiration. This is correlated with the habit of the pupa of rhythmically 
undulating the abdomen to maintain a flow of water over the surface of the 
abdomen. Most often the pupal gratings are situated at the extreme ends of 
the case, but in some species they arc fixed some way inside the ease. In 
Brachycentrus subnubilus Curtis (fig. 1 , c), the pupal grating consists of about 
eight small perforations in the centre of the disc. In SencosUmM personatum 
Spence the grating consists of an oblong slit (fig. 1, f), whereas in species of 
Limnophtlibae the grating consists of a number of jierforations left in the 
weaving of algal filaments, fibres, etc. (fig. 1, g). In Chaetopteryx villosa 
Pabricius, the number of perforations is large, whereas in Limnophilns rhom- 
bicus L., it is small. Small stones are sometimes woven into the grating as in 
Micropterna sequax McLachlan (fig. 1 , c and d), so that when the pupa cuts the 
grating away the stones come away with it. Species inhabiting fast running 
streams commonly plug the fore and hind end of the case with small pebbles. 
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e.g. Ooera pilosa Fabricius (fig. 1, h), Sericostoma personcUwn Spence and 
Odontocerum aUncorne Scopoli, but small pores allowing a flow of water through 
the case occur between the larger sand grains of which the cases are made. 
Pores such as those just described occur also in Agapetus fuscipes Curtis. In 
this species anterior and posterior openings occur on the ventral surface of the 
case and thus, before pupation when the case is fixed down on to a stone with 



I 

Fig. 1. — Types of case-plugging to form cocoon, a, Phryganea varia F., case with plug ; 
B, Phrygayim varia F., sieve membrane (posterior end) ; c, Microptema sequax McLach., 
wdth sieve membrane cut oflF by pupa ; B, Microptema seqmx McLach., anterior 
sieve membrane cut off by pupa ; E, Microptema sequax McLach., posterior sieve 
membrane ; r, Sericostoma personatum Spence, anterior sieve membrane ; G, Lim- 
nophilus flaricomis F., anterior sieve membrane ; H, Goera pilosa F., case with plug 
stones ; i, Brachycentrus suhnvhilua Curt., anterior sieve membrane ; J, Bhyacophila 
dorsalis Curt., case taken from stone, from below. 


silk, both openings of the case are closed. Thienemaim reports that the ter- 
restrial species, Enoicyla> pusilla Burmeister, makes a simple membrane with 
no apertures. Hydropsyche constructs a pupal case by blocking in with small 
stones the shelter at the side of the net which is used during the larval stage. 
Completely free-living species such as Bhyacophila and Philopotanms construct 
cases of small stones fastened together with silk on to the side of a stone (fig. 
1, J). In Bhyacophila, however, a characteristic cocoon is secreted within the 
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pupal case and entirely separate from it. This is membranous and tough, 
brownish in colour and semi-translucent. 

In Hohcentropus the cocoon is made by the secretion of a plentiful supply 
of silk to which is attached parts of decaying leaves of water plants. 

In the Hydroptilidae the pupal cocoon is made by filling the apertures of 
the larval case with a silken plug. 

When the pupa emerges from the larva where a posterior sieve membrane 
is present, the larval skin breaks up into a number of pieces and is then kicked 
out of the pupal case through the pores in the membrane. 

In Rhyacophila, however, where a membranous cocoon closely encompasses 
the pupa, the larval skin remains in various positions close to the pupa, the 
sclerotized parts being visible through the translucent cocoon. 

Prbpupal Eestino Phase. 

When the case has been plugged or otherwise completed certain changes 
take place in the larva. It becomes stiff, the head and abdomen losing their 
usual flexibility, and the intersegmental grooves of the abdomen become very 
indistinct. The legs then occupy positions characteristic of this phase only. 
In Mystaddes nigra L. (fig. 2), the femur, tibia and tarsus of prothoracic legs 
are held up vertically, in the meso-legs coxa and trochanter are held downwards, 
the femur is held upwards and the tibia and tarsus backwards, whilst in the 
meta-legs the coxa points backwards, the trochanter and femur then extend 
forwards and towards the dorsal surface of the larva, the tibia and tarsus then 
turn backwards and follow the abdomen on the dorsal surface. (Lestage gives a 
figure of the larva of Oecetis furva where the legs are almost certainly in the 
position occupied in the prepupal resting phase.) 

The Pupa. 

The head . — The head (fig. 5) is the same general shape as that of the adult 
but whereas in some organs, such as the eyes and antennae, the pupal integu- 
ment follows closely the underlying adult shape, the mouth parts of the two 
stages are dissimilar. In the centre of the fronto-elypeal region of the head is 
a small conical projection. In Mystaeides a transverse row of three equal 
projections occurs. Although instances have been given of adult Trichoptera 
feeding on nectar, such occurrences are extremely rare. The mouth parts are 
ill-adapted for such a purpose and can be considered for most practical purposes 
to be non-functional. (But Anker Nielsen has given an account of the species 
Apatidea auricula Forsslund which at high altitude in Norway pollmates 
Ranunculus glaciahs whilst sucking nectar.) The mandibles of the pupae, on 
the other hand, have the important function of cutting the exit hole in the 
pupal case. In addition, the bristles of the labrum, assisted in some cases by 
the mandibles, serve to keep the anterior sieve membrane of the pupal case free 
from silt and debris, thus allowing an uninterrupted flow of water into the case. 
(This is related to the same function carried out by the anal processes or bristles 
on the posterior lobes of the abdomen in respect to the posterior membrane.) 
The bristles of the labrum have also been said to have secretory functions. 

The eyes . — ^These are a prominent feature of the head of the pupa, and are 
the adult eyes covered by the thin, transparent pupal integument (fig. 5). In 
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the fresh pupa they are light cream in colour but are black some time before 
emergence. 

Antennae . — The pupal antennae follow closely the length, shape, number of 
segments, etc., of the underlying adult antennae. They are, however, loosely 
held down in a position different from that found in the adult. In the pupa, 
after skirtmg the eyes dorsally, they usually follow the anterior margin of the 
anterior wings. Thereafter, what occurs depends largely on the length of the 
antennae. In some species (fig. 4, b and c) the antennae are approximately 





3 

Figs. 2-3. — (2) Prepupal resting phase of larva. Mystacides nigra L., lateral view. 
(3) Curling of pupal antennae, a, Odontocerum albicome Scop. ; B^iJjeptocerus aterrimvs 
Steph. ; c, Mystacides azurea L. ; n, Triaenodes bicolor Ciurt. 

equal in length or only slightly shorter than the wings, e.g. Sericostomatidae, 
Rhyacophilidae, Limnophilidae and Phryganeidae. Sometimes they are 
much shorter, e.g. Hydroptilidab, and in some cases they are extremely 
long and slender (fig. 4, a), being as long as twice or three times the length of 
the anterior wing, e.g., Lbptocbridae. In many species of this family the 
tips of the antennae are wound round the posterior abdominal segments, and a 
pair of lappets bearing forwardly-directed bristles are situated on the 9th 
segment, e. g. Mystacides azurea (fig. 3, c). These keep the wound antennae 
in position and prevent them from slipping oS and blocking the posterior sieve 
membrane of the pupal case. In Leptocerus aterrimus (fig. 3, b) lappets are 
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present, but each antenna is loosely looped over on to the opposite side of the 
abdomen and not wound round the body. In Triaenodes bicolor (fig. 3, n) the 
antennae loosely adhere together and are woimd round the abdomen in a 
clockwise direction for almost two complete loops. 

Lahrum . — This is a distinct, usually well-sclerotized part. It differs widely 
in shape in the different families, and there is variation also in the manner in 



Fig. 4. — a, Dorsal view of pupa of Mystacides azurea L. ; b, Dorsal view of pupa of P/ec- 
trocnemia conspersa Curt. ; c, Lateral view of pupa of Ooera pilosa F. (Gills omitted)* 


which it projects from the head capsule. Bristles are an important feature of 
the labrum, not only in the placing but in the nature of the bristles themselves. 

In many pupae the labrum lies flat, in the same plane as the fronto-cl)rpeu8. 
In other pupae the labrum projects outwards from the head. In general the 
labrum is disc-like, wider at the base, but in some families it is narrower at the 
base — this is found in the case of the Phryganeidae (fig. 6, a) and in Mysta- 
cides (fig. 6, i), whilst in Hydroptila occulta (fig. 6, k) it is almost perfectly oval. 
Those species with the labrum wider at the base also show some thickening of 
this region and often a folding (Odontocerum (fig. 6, g) and Rhyacophila (fig. 
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6, j)) which sometimes gives a two-lobed effect. In Lepidostoma hirtum (fig. 
6, b) the base is extended laterally, 

A characteristic feature of the bristles of many of those species which con- 
struct the membranes in the openings of the cocoon is their long sturdy nature 
and the bending or hooking at the tip. In Lepidostoma hirtum^ the tips of the 
bristles form a distinct loop. The function attributed to these bristles is the 
cleaning of the membranes of debris and silt in order to allow of the uninter- 
rupted flow of water through the cocoon for gaseous exchange. The bristles 
are usually in fairly well defeed groups, a pair of distal and a pair of proximal 
groups on each side. In Limnopfdlmflavicornis (fig. 6, b) the distal groups are 
hooked whilst, on the other hand, in Lepidostoma hirtum the proximal groups 
are hooked. In Micropterna sequax (fig. 6, d) neither group is hooked, although 



the bristles are long and strong, and project upwards from the suface of the 
labrum, but in Leptocerus aterrmnis (fig. 6, h) and Hydroptila occulta (fig. 6, k) 
a single pair of bristles only is present, situated on the anterior margin, minute 
in the latter species. 

The mandibles . — The mandibles show a wide range of form, and many types 
are highly characteristic of their groups. They are well developed, robust, and 
well adapted to their function of sawing through the cocoon and thus releasing 
the pupa for its swim to the surface in order that metamorphosis into the aerial 
adult can take place. The mandibles are usually sickle-shaped with the base 
broad. Teeth are usually present and are of two distinct sizes. A few large 
teeth (nearly equalling in size the apex of the mandible) may be present, or the 
teeth may be small (they may be so small as scarcely to be distinguishable 
under a one-sixth inch microscope objective). In this species the inner edge of 
the mandible resembles a saw. In some species a combination of the two types 
of teeth may be present. A large number of species have two bristles on the 
outer convex side of the mandibles near the base. Articulation of the mandible 
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with the head is by means of a spherical condyle on the base, usually between 
the centre and the outer edge, more rarely on the outer angle and the inner 
angle of the base of the mandible which makes contact with the sclerotized ring 
which surrounds the mouth parts (hg. 6, o). 



6 

Fig. 6. — Pupal labra. a, Phryganea varta F. ; B, Limnophilus flavicomia F. ; c, Ltmno- 
phihie extficatua McLach. ; D, Microptema aeqmx McLach. , £, Leptdostoma hirtum 
F. ; F, Molanna angustata Curt. ; G, Odontocerum albicome Scop. , H, Leptocerus 
atemmus Steph. ; i, Mystacidts azurea L. ^ J, Rhyacophila dorsalis Curt. , K, Hydrop- 
ilia occulta Eaton. 


The mandibles of the Phryganeidae are characterized by havmg a slender 
inward-cuiYing apical part with a stout base, and the bristles on the outer face 
are situated on a conical projection. The teeth on the inner edge are very 
numerous but can hardly be distinguished with a one-sixth mch objective 
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But Ulmer gives the mandibles of Neuronia dathrata as rudimentary. They 
are small and obtuse. Although I have twice searched the Staffordshire 
locality for this species I have not been fortunate enough to come across it. 
The mandibles of Bhyacophilidae, Philopotamidab and Hydropsychidae 
are all furnished with large teeth. In Bhyacophiudab they are asymmetrical, 
two teeth being present on the left mandible and three on the right. Figure 7 
shows the range of shape shown in pupal mandibles. 



Fig. 7. — Pupal mandibles, a, Phryganea varia F. ; B, Limnophilua extricattia McLach. , 
c, Ooera piloaa F.; D, Molanna angvsiata Curt.; E, Odmtocerum dtbicome Scop.; 
F, Leptocervs aterrimua Steph. ; G, Philopotamus morUanria Don. ; H, Rhydcophila 
doraalia Curt. ; i, Hydroptila occvHa Eaton. 


Maxillary palps , — These are well-defined in the pupa. Five segments are 
present in the maxilliary palp in the female in all families, but males of the 
family Phryganeidae have four-segmented palps, males of Limnophilidae 
and Sericostomatidae have three-segmented palps. Males of the remaining 
families have five-segmented maxillary palps similar to those of the females. 

Labial palps , — These are always of three segments. 

Wings , — These are held closely pressed to the pleural region of the thorax, 
and extend usually as far as the sixth segment, the tips of the fore wings almost 
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meeting in the mid-ventral line. The wings are, of course, much smaller than 
the adult wings. The veins of the wing can often be made out after extraction 
of the wing from the pupal integument, but it would be unwise to rely on vena- 
tion of the pupal wing as a determining characteristic. The wing venation 
cannot, however, be made out from the empty wing case. 

Legs , — The legs of the pupa are free, the meso-legs entirely so, pro- and 
meta-legs have the coxa, trochanter and femur loosely adherent, but tibia and 
tarsus are free. The pupal integument follows fairly closely the shape of the 
adult legs and the segments correspond, but a separate segment is occupied by 
the tarsal claw and the number of segments of the tarsus is thus six. The 
tarsal claw segment shows a wide variation in shape, the pupal integument 
following to a greater or lesser degree the shape of the claws. In Rhyacophila 
dorsalis the claws are entirely separately ensheathed and a pore with a pair of 
bristles lies between them. In Lepidostoma hirtum the claws are separately 
ensheathed to the extent of about the distal two-thirds, whilst in Phryganea 
varia only about the distal one-third is separately ensheathed. In 



Fig. 8. — ^Tarsal claw of mesoleg of pupa, a, Phryganea varia F. ; B, Limriophilus fktvicomia 
F. ; c, Chaetopteryx villosa F. ; D, Lepidostoma hirtum F. ; E, Rhyacophila dorsalis 
Curt. 


Limnophilus flavicornis only the tips of the claws are visible as a pair of blunt 
projections. The spurs of the adult are separately ensheathed by the pupal 
integument. When the pupa cuts its way out of the cocoon it swims actively 
to the surface, and thence to some object projecting from the surface of the 
water. The middle legs only are used for swimming and are well adapted for 
this purpose, as they are provided with a double fringe of hairs extending along 
the length of the tibia and tarsus. The “ swimming fringes ” are, however, 
often present on the other legs but are never so pronounced. Some species 
however, which live amongst wet moss, and thus do not require to swim, have 
the swimming fringe absent. This example of an important t)rpe of adaptation 
was given by Muller in 1879. 

The relation between the tarsal claws of the pupae and the habit of climbing 
from the water before emergence of the adult is easily seen. 

Abdonwn , — In shape, the abdomen of the pupa is generally similar to that 
of the adult but it is somewhat larger as no permanent retraction of the seg- 
ments within each other has taken place at this stage. In addition, processes 
on the terminal segment often considerably extend the length. Nine segments 
are present. In those species where a lateral line is present in the larva, it is 
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Fig. 9. — Hook>bearing plates of abdomen, a, Limnophihis extricatus McLach. ; B, 
Microptema seqmx McLach. ; c, Ooera pilosa F. ; d, Lepidostoma hirtum F. ; B, 
Molanna anguatata Curt. ; f, Odontocerum aWicortie Scop. ; G, Leptocerus aitrrimus 
Steph. ; H, Mysiacides azurea L. ; l, Plectrocnemia conapersa Curt. ; J, Philopotamus 
montanua Don. ; K, Hydroptila occuUa Eaton. 
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present in the pupa also, but usually the hairs comprising it are longer and 
darker in colour than those in the larva. The lateral line in the pupa differs 
also from that of the larva by the posterior part curling imder the posterior 
segments, and almost meeting at the mid-ventral line. 

A number of skeletal rods are often visible in the pupal skin. These take 
the form of a series of umbrella ribs in each segment, often forked at the anterior 
end. They are quite hard, stiff and dark in colour and in some species some 
connection between the ro^ and the hook-bearing plate on the si3rth segment 
is seen, e.g. Odontocerwm albicorne (fig. 9, p). There are usually four rods in 
each segment, but in Phryganea varia two only occur in each segment. (One 
specimen only examined.) 



to 


Fig. 10. — Anal processes of pupa. A,PhryganmmriaF, ; B,Micropterna8€qtuixM.6La,Qh, ; 
0, Ooera pilom F. ; n, Lepidoatoma hirtum F. ; b, Molanna angtiaiata Curt. ; F, Odonto- 
cerum albicorne Scop. ; o, Leptocerua aterrimua Steph. 

A characteristic feature of the dorsal surface of the abdomen is the series of 
hook-bearing plates and other devices used for holding the iimer surface of the 
pupal case. In Figure 9 the hook-bearing plates of a representative group of 
pupae are shown. Usually there is some modification of the dorsum of the 
first abdominal segment, but it is absent in those genera like Rhyacophila which 
do not move their abdomen when in the pupal case. It is thought that this 
device is for gripping the inner lining of the pupal case whilst the remainder of 
the abdomen is rhjrthmically undulated. At first sight it would appear that 
the abdominal hook-bearing plates are “ gin-trap ’’ mechanisms similar to those 
described by Hinton in certain beetle pupae. Closer observation, however, 
shows that the posterior plate on the fifth segment is thrown out of action (by 
the telescoping of the segment) when the anterior plates are forced downwards. 
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The hook-bearing plates thus serve only a locomota^ function. There is a 
wide diversity in the form of this gripping device. In one genus, LeptoceruSy 
it is not unlike, in general shape, the hook-bearing plates situated on the third 
segment onwards, except that it is much larger and contains many more hooks. 
Probably associated with the hook-bearing plates on the first abdominal segment 
in Leptocerus is a group of finger-like organs inclined towards the plate on each 
side. In lAmnophilus the first abdominal segment extends backwards on the 
dorsal side into a pair of bulbous projections beset with short blunt spines. In 
Mystaddes the bulbous projections are present to a lesser degree, but th^y are 
joined on the outside by a curved spinous bar which in turn is joined to a 
sclerotized bar pointing obliquely forwards. In Lepidostoma a narrow trans- 
verse band extends across the segment ending in the pleural region with a 
stirrup-shaped part, both arms of which are covered with small spines. 

The second abdominal segment seems always to be devoid of hook-bearing 
plates, the series proper usually commencing on the third segment towards the 
anterior margin and repeated in the same place on the fourth, fifth and sixth 
segments. An additional plate on or near the posterior edge of the fifth 
segment is almost always present. The hook-bearing plates consist of sclero- 
tized patches from which emerge a number of short hooks. The latter point 
backwards in the case of the anterior plates, and forwards in the case of the 
posterior plate on the fifth segment. The hook-bearing plates show a certain 
range of complexity, but it is almost a rule that the posterior plate on the fifth 
segment is larger and bears more hooks than the other plates. 

In some genera the plate on the third segment may be absent, as in some 
species of Ltmnophtlus, The series may terminate on the sixth segment 
(Leptocerus f Odontocerum^ Molannay MystaeideSy etc.) or may terminate on the 
seventh segment (some species of Limnophilus, Lepidostomay Go’era, etc.). 
In Plectrocnemia it terminates on the eighth segment. Odontocerum albicorue 
(fig. 9, F) is unique in possessing sac-like organs attached to the anterior plates. 
The posterior plate of the fifth segment only is provided with hooks. These 
are two in number. In Hydroptila occulta there is a single pair of anterior 
plates on the third segment, two pairs on the fourth, fifth and sixth, and one 
pair on the seventh. The posterior plate on the fifth segment is absent. 

Anal processes, — Considerable variation in shape of the posterior end of 
the abdomen is found in the different families. In the pupae from campodei- 
form types of larvae (Rhyacophilidae, Phtlopotamidae, Hydroptilidae, 
PoLYCENTROPiDAE, Psychomyidae) the pupal integument^ore nearly follows 
the shape of the underlying adult genitalia, although in Hybropsychidab 
there is a pair of two-segmented blimt appendages. In the Phryganeedae 
the pupal integument is a simple envelope to the genitalia. On the other 
hand, in all the other families there is an elaboration, to a greater or 
lesser degree, of the last abdominal segment to form a pair of acicular 
processes. These are single-pointed and devoid of bristles in Odontocerum 
albicorne (the sole British species of the Obontoceribae) and Goerinae. 
Emphasizing the diverse assemblage in the Sericostomatibae the anal pro- 
cesses in the Lepibostomatb^ab are short, triangular, confluent at their bases 
and very hairy — in contrast to the Goertnae. In the Limnophilibae, Molan- 
nibae and Leptoceribab they are long and slender, but usually blunt at the 
tip, with a few short bristles and sometimes some small hooks. A diversity 
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of form is found in the^ BERAEtDAE, whilst in the genus Beraeodes the anal 
processes are long and slender with a few long hairs. In Beraea they are short, 
broad at the base and furnished with a large number of shorter hairs. 

The function of these processes is generally thought to be the cleanBUxg of 
the orifices in the plug of the cocoon —similar, in fact, to the large bristles 
on the front of the head. The movement of the abdomen during the current- 
forming rhythmic imdulations would cause the anal processes to clear silt, etc., 
from the orifices. This function fits in well with the facts. Thus the processes 
are absent in those cases where well-defined terminal orifices are not present. 

gills, — In those families with campodeiform larvae, gills are usually 
absent in the pupa even though gills may be present in the larvae (e. g. 
Rhyacophila), In the Polycentropldae, however, abdominal filiform gills 
are present although absent in the larva, and in the Hydropsychidae tufted 
gills are present in the pupa similar to those of the larva, but generally not so 
numerous. In all the families with cruciform and sub-eruciform larvae, gills 
are present in the pupa if they are present in the larva (which is more usually 
the case), but almost always some slight reduction in numbers or disposition 
occurs. 


Key to the families of Trichoptera based on the pupal skin, 

1. Mandibles with several large teeth 2. 

Mandibles with no teeth, small or minute teeth only 4. 

2. Mandibles very hairy at the base, anal processes long, very hairy, 

sclerotized apices Hydropsychidae. 

Mandibles with two bristles only at the base, anal processes short, not hairy 
and without sclerotized apices 3. 

3. Mandibles sharply bent near the base, symmetrical . . Philopotamidae. 

Mandibles not bent, asymmetrical Ehyacophilidae. 

4. Mandibles with two bristles emerging from conical projection on 

outer edge of base . . . Phryganejdae except Neuronia clathrata. 

Mandibles without conical projection on outer edge of base from which 

bristles emerge 5. 

5. Anal processes absent or very short and broad at the base ... 6. 

Anal processes long and slender 9. 

6^. Small auxiliary dorsal hook-bearing plates on abdominal segments 3, 

4 and 5 (see fig. 9, k). Pupae very small . . . Hydroptilidae. 

Auxiliary dorsal hook- bearing plates not on abdominal segments 3, 4 

and 5. Pupae medium size 7. 

7. Mandibles with long, thin apical part curved with a few teeth at the 

apex or strongly curved at the junction of the thin part with the 
base, and curved again near the apex without teeth Psychomyidae. 
Mandibles without long thin apical part 8. 

8. Hook-bearing plates on Ist abdominal segment bracket-shaped and 

joined by a transverse sclerotized bar. Hook- bearing plates on 
segments 3, 4, 5 ant. and 5 post., 6 and 7 

Sericostomatidae (Lepidostomatinae). 
Hook-bearing plates absent on 1st and 7th abdominal segments 

Polycentropidae. 

^ From this point onwards the key should be used with some reserve, as only representa- 
tive species in the families have been examined. 
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9. Dorsal hook-bearing plates sac-like except that on the posterior 5th 
segment which has two hooks. Hook-bearing plate on 6th segment 
continuous with a sclerotized bar. 

Odontoobridae. Odontocerum albicorne Scopoli. Sole British species. 
Dorsal hook-bearing plates not sac-like — that on the 6th segment not 

continuous with a sclerotized bar 10. 

10. Antennae long, curved around posterior abdominal segments with 

forwardly directed lappets on 9th segment . . . Leptoceridab. 

Antennae not curved around posterior abdominal segments, lappets 
on 9th abdominal segment absent 11 

11. Posterior margin of Ist abdominal segment with two bulbous pro- 

jections beset with spicules or with two well-defined spicule-bearing 

patches 12. 

Posterior margin of Ist abdominal segment without spicule- bearing 
projections or patches 13. 

12. Pair of bulbous projections with spicules on posterior margin of Ist 

abdominal segment ' Limnophilidae. 

Bulbous projections on posterior margin of 1st abdominal segment 
absent 

Sericostomatidae (Gobrinae, Brachycentrinae, Sericostomatinae.) 

13. Lateral line present Molannidae. 

Lateral line absent Beraeidae. 


Eeferencbs. 

The following are important additions to the list previously given (1946, 
Trans, R, mt. S(k\ Land. 97 : 210.) 

Hinton, H. E., 1916, The “gin-traps^* of some beetle pupae; a protective 
device which appears to be unknown. Trans. R. ent. Soc, Land. 97 : 
473-496, 27 figs. 

Moretti, (L, 1937, Studi sui Tricotteri : V. Tricotteri cavernicoli. Boll, Zool. 
agr. Bnchic. Torino 7 (1936) : 229 -239. 

, 1940, 8tudi sui Tricotteri: XIII. I Tricotteri della Sardegna. Mem. 

Soc. ent. Ital. 19 : 259-291. 

, 1942, Studi sui Tricotteri : XIV. Comportamento del Triaenodes bicolor 

Curt. (Trichoptera — Leptoceridab) nelle risaie a vicenda e in allevamenti 
sperimentali. Boll. Lab. Zool. agr. Bachic. Milano 11 : 3-45. 

, 1942, Partecipazione dei Tricotteri alle biocenosi costiere del LagodiFovel. 

Mem. Ist. ital. Idrobiol, Milan 1 : 295-306. 

Nielsen, Anker, 1942, t?ber die Entwicklung und Biologie’^der Trichopteren. 
Arch. Hydrobiol. Plankt. (Suppl.) 17 : 255-631. 

, 1943, Postembryonale Entwicklung und Biologie der Eheophilen Kocher- 

fliege Oligoplectrum imculatum Fourcroy. Biol. Medd., Kbh. 19 (2) : 87 pp. 

• , 1943, Apatidca auricula Forsslund from a Norwegian mountain lake. 

Ent. Medd. 23 : 18-30. 

Wesenbbrg-Lund, (L, 1943, Biologie der Susswasserinsekten. Copenhagen. 




291 


STUDIES IN THE G-ENUS PHILONTHUS STEPHENS ((XILEOPTEEA). 
By the Rev. C. E. Tottenham, M.A., F.R,E.S. 

(Department of Zoology, University of Cambridge^) 

Manuscript received Ist March, 1948. 

(Read 5th October, 1949.) 

With 176 Text-figures. 

The purpose of this paper is twofold : firstly to figure the aedeagus of as many 
African species of the genus Philonthus Stephens as possible, and secondly, to 
describe a number of new species belonging to that genus. 

I. Some African Species. 

Up to the present date the known species of Philonthus which have been 
described from Africa, or recorded from that (‘ontinent (exclusive of the 
Mediterranean area), number nearly two himdred. The majority of them fall 
into the former category. Some species, well known in other parts of the 
world and reputed to occur in Africa, require further confirmation. The 
determination of Afric.an material of the genus is beset with difficulties. Exist- 
ing descriptions are s(*.attered over numerous publications, comparatively few 
ever occurring together in the same work ; many of these works are costly 
and difficult of access. Having obtained the descriptions of every species 
of the genus (not only from Africa, but from the whole world), I found another 
great difficulty in the inadequacy of many of them. Some of them are too 
brief ; in some no comparison is made with other species ; in some a new 
species is likened to anothtT species which is very dissimilar to it ; and the 
most reliable character for the determination of the species was entirely omitted 
from alP. Another diffiinilty which had to be faced was the comparative lack 
of material with which to work. Not only was the number of accessible 
s]:K‘cies small, but the species were represented by very sho^ scries, often only 
one or two specimens. 

With these difficulties to contend with, there is always the possibility of 
describing as new an already described species. Every possible care has been 
taken not to do so. The risk, however, of an extra name or two, which may 
have to be sunk subsequently as a synonym, is preferable to the confusion 
which is likely to follow in the wake of wrongly determined sjiecimcns. 

An examination of the tyjies of all the African species was, of course, out 
of the question. Although a number of types have been seen, it has been 
necessary to assume as correct those determinations which have been made by 

^ Since this was written descriptions of a few jiVfrican species by French authors have 
been published (or become accessible in Great Britain) to \vhich this remark does not 
apply. 
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others, provided that they tallied with the descriptions. By figuring the 
aedeagus I believe I have been able to give a precise indication of the species 
referr^ to under each name, and thereby eliminate future confusion or errors 
resulting from mistaken identifications, if there are any, in this paper. 

Sources of Material used. 

(1) The British Museum {Natural History). — Through the kindness of the 
authorities in the Museum, I have been enabled to examine the aedeagus of 
many species. Many of the new species described in this paper are represented 
in the collection of the British Museum. Nearly all of these have been in the 
collection, to my knowledge, for about fifteen years, standing over names 
which have never been published. The labels over which they stood in the 
cabinet drawers, and often also tickets on the specimens themselves, attribute 
the trivial names to Bemhauer. Shortly before the war I wrote to him with 
regard to these species, in case I had overlooked their descriptions ; in doing 
so I mentioned a number of them by name. He replied that they were not 
his and that, although they were well-known species, no published descriptions 
existed. In view of the fact that most of these species have been so long with 
unpublished names, that Bemhauer has stated that many of them are not his, 
and finally that that author is now dead, I feel that it is time that something 
were done in the matter and that the beetles in question should be described. 
I do so in this paper, using whenever possible the names on these Museum 
labels. Where a change has been necessary, owing to the fact that the manu- 
script name is a homonym, the fact has been stated in the text, together with 
a reference to the MS. name which the new name supplants. 

A few species in the collection I have deliberately omitted from this paper, 
either because I am not satisfied that they represent new species, or because 
the available material was insufficient to enable a sound opinion to be formed 
as to their status, or because the specimens were females and belonged to groups 
in which the aedeagus is essential for identification. 

(2) Musde du Congo Beige. — I am deeply indebted to Dr. Schouteden for 
his kindness in sending me some material of the genus both for determination 
and for study. I was thus enabled to examine the genitalia of a number of 
species not represented in the British Museum, and also to study some types. 

(3) My oum collection. — ^Although poor in African material, it has provided 
a few more species to be added to the number of those studied. 

The aedeagus. 

The aedeagus in the genus Philonthus normally consists of two lobes, the 
median lobe (“ penis ” of some authors) and the paramere, which lie adjacent 
to one another, united to each other at the base of the paramere. The basal 
portion of the median lobe, i.e. the part before the junction of the paramere, 
is bulbous, and smee this part is liable to a certam amoimt of shrmkage or 
distortion in dried specimens, no importance must be attached to its exact 
shape in the figures. The characters of value for the determmation of the 
species he in the outline of the median lobe viewed dorsally or laterally, the 
outline of the paramere, the relative lengths and widths of the two, and the 
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arraDgement of the “ pegs” on the inner face of the paramere* The internal 
sac is invaginated apically from the outer face of the median lobe ; since, 
therefore, this region of the median lobe is softer than the rest of the organ, 
and since the internal sac is often partially or wholly evaginated and hardened 
in dried specimens, the exact outline of the lobe, when viewed laterally, is not 
always easy to detect. At, or near the apex, the paramere bears some hairs ; 
these, too, are often very difficult to detect, and in dried specimens apt to be 
missmg ; except, therefore, where these hairs were obvious, I have refrained 
from putting them in the figures. 

It would be impossible to over-emphasize the importance of the aedeagus 
as a character for the identification of the species of the genus Philonthus, In 
this genus, as in many others, in the majority of cases the structure of the 
aedeagus is very constant within a species, and furthermore, the differences 
presented by this organ between the species are often very marked. It is a 
curious fact that very often there is little difference in the aedeagal characters 
of two species which in other respects can be easily determined, but the differ- 
ences are great between species otherwise hard to distinguish. In fact, as a 
general rule, within the genus Philonthus^ it can be said that the aedeagus 
affords both the most reliable and the easiest character for the detemiination 
of the species. I believe it would be true to say (1) that very nearly all the 
African species of the genus could be identified by means of the aedeagus alone 
without any reference to descriptions, and (2) that identifications based upon 
the aedeagus would have a far greater reliability than those based on descrip- 
tions and/or comparison with named specimens. It is certainly true to say 
that some species of Philonthus (even if Gabrius be regarded as a distinct genus) 
cannot be determined without resort to the aedeagus. 

It is because of the importance of this character that I have deliberately 
refrained from describing some new species, based upon female specimens only, 
in groups where it is known that the aedeagus is important. In a few cases, in 
groups where, so far as is knowm at present, species can be separated without 
recourse to the aedeagus, I have described a few new species based upon 
females ; m this I was prompted by the fact that some of them were already 
m Museums standing over the unpublished names. It is, however, a doubtful 
question whether it is justifiable to describe any species of the genus without 
figuring the aedeagus. When all is said and done, the primary purpose of a 
description of a species is not just to validate a name, but to make it possible 
for other workers to recognize the species. It is an extraordinary thmg, therefore, 
that the most valuable character, the aedeagus, should have lieen neglected. 
Faunistic and other studies depend largely for their value on the accuracy with 
which the species are determmed and it is a pity that only too often the sys- 
tematic work on which they depend is not sufficiently up-to-date and reliable. 

With a view to contributing a greater precision to determinations the 
aedeagus has been studied and figured in this paper. A mere glance at the 
figures will be sufficient to show the great range of variety whi(*h the organ 
presents within the genus, and to carry conviction as to the utility of the 
aedeagus as a means of identification for the species. 

It would be premature at this stage, considering that barely half the known 
African species have been studied, to form any theories as to the evolution of 
the various forms exhibited in these species. On the other hand, it is justifiable 
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to call attention to a few facts. Firstly, in contrast to the comparative con- 
formity to a few standardized types exhibited by the European or North Ameri- 
can species, the African species exhibit a much greater range of form. Two 
quite exceptional forms must be noted, namely, the paramere of P. schoutedeni 
Bernhauer, which bears two extra lobes which carry the pegs and some of the 
hairs, and P. biparamerosus sp. n., which possesses two parameres. Again 
there are some noticeable instances of asymmetry, such as P. sanguineus 
Fauvel, and the species of the longicornis group ; the latter species, so well- 
known in Europe, being apparently cosmopolitan. In P. densemudaius Bem- 
hauer there is a distinct shoulder near the base of the paramere, suggestive of a 
rudimentary second paramere or of a lost branch of a forked paramere. The 
longicornis group are of special interest in Africa for they may possibly prove 
to be a case in which the aedeagus fails to be of any value as a specific character 
in some of the species, if they are, in fact, species and not merely varieties or 
local races. 

I have omitted from the figures those species, such as P. longicornis Stephens, 
P. quisquiliarius Gyllenhal, etc., which form part of the European fauna ; 
these I hope to deal with in a future paper. 

The Head. 

Except for colour in relatively few species and except for size, probably due 
to food supply in the larval state, the species of Philonlkus display but little 
variation in their characters. An exception, howev^er, must be made of the 
head, which in a number of species is subject to great variation, especially in 
the males. Speaking very generally this variation occurs mostly in the species 
with more quadrate transverse heads than in the more elongate, round-headed 
species. It is especially noticeable in the species of the politus L. group. A 
series of measurements of heads of male politm showed that the larg(?st head 
measured was 1 -8 times the smallest in actual width ; and tliht the }>ro]K)rtions 
of width : length ranged from 1 -54 to 1 09. It follows that in an exact des(‘rip- 
tion of a unique male, the description so far as the head is concerned, must be 
regarded as the description of the head of a specimen rather than that of the 
head of the species. 


Terminology. 

(a) The. abdomen. —In descriptions of species of the genus (lonsiderable 
discrepancy may be found in the number by which any particular abdominal 
segment is designated. The discrepancies may sometimes be due to error, 
sometimes to differences of notation, since not all the tergites are visible. 
Again, more tergites exist than stemites, therefore if these are counted irres- 
pective of the segment to which they belong, a different number has to be 
employed for the tergite of a segment from that employed for its stemite. 
Recent authors have often overcome the difficulty of ambiguity with regard to 
the tergites by making their meaning clear in the text, e.g. ‘‘ das dritte und 
vierte (erste und zweite freiliegende) Tergit” or “ fifth tergite (third visible) ’’ ; 
this has the great advantage of clarity and accuracy, but is rather cumbrous. 
In the descriptions which follow I have adopted the method of using the number 
of the segment tor the tergite and stemite of that segment ; thus eighth 
tergite ” means the tergite of the eighth segment, “ eighth stemite ” means 
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the stemite of that segment. The eighth segment is the segment before the 
last, i.e. before the segment bearing the long paraprocts. It is the eighth 
segment which in Philonthus has the stemite emarginate in the male. 

(b) The thorax,~~Mo^t of the species of Philonthus, as is well known, have 
two longitudinal series of punctures on the disc of the thorax. These punctures 
differ in number according to the species, and form convenient groups into 
which to divide the genus. The anterior puncture of each series is situated 
very close to the anterior margin of the thorax. Some authors have followed 
the Erichson notation of including the anterior puncture in the discal series, 
while others, such as Fauvel and Eppelsheim, have regarded it as being one 
of the marginal punctures. Thus the 4-punctate group of Fauvel is the 5- 
punctate group of Erichson. I have followed the Erichson notation in this 
paper, as has been done by the majority of authors, including Bemhauer and 
Cameron. 

(c) The aedeagus, — Since the aedeagus lies in the abdomen in a different 
position from that which it assumes when extruded, ambiguities can arise as 
to the meaning of dorsal ” and “ lateral ” view. Although the description 
of the aedeagus and figures will generally serve to make it clear what the author 
means by these terms, yet, strange as it may seem considering the striKiture 
of the aedeagus, there are cases in which it is not possible to tell whether by 
“ dorsal ” he meant dorsal ” or “ ventral,” although it was clear what he 
meant l)y lateral.” In the genus Gahrius the aedeagus lies in the abdomen 
in a different position from that in which it lies in Philonthus, For purposes 
of description, therefore, I have considered it simplest to treat the aedeagus 
])y itself, irrespective of the position it occupies in the abdomen or when ex- 
truded. If the aedeagus be mounted with the paramere lying uppermost, the 
view thus obtained I call the ‘‘ upper view ” or viewed from above ” ; if 
the aedeagus is placed with the paramere lying alongside the median lobe, we 
get the “lateral view” of this paper. The inner surfaces of the paramere 
and median lol)e are the surfaces of these two parts which face one another. 
Figure 1, for example, is upper view, and shows the outer surface of paramere 
and the inner surface of median lobe. Figure 4 is a lateral view. In a number 
of cases I have only figured the apical portion of the aedeagus, or of the median 
lobe or paramere, as it is here that the important distinctions lie. 

In some cases, where the ])osition could be detected without removing the 
paramere, and sometimes to economize in space, I have indicated the pegs on 
the paramere as shovm in the upper view ; it must be clearly understood, 
however, that the pegs are really on the inner face. 

For pui’poses of identification, the species of the genus can be divided into 
groups as follows : 


Group 1. No discal series of punctures on thorax p. 296 

,, 2. Discal series of thoracic punctures consisting of 1, 2 or 3 

punctures each p. 299 

,, 3. Discal series of thorax consisting of 4 punctures each . . . p. 304 

Section A. — Large black species or species related to P. politus L. p. 305 

Section B. — Small or moderate-sized species p. 317 

,, 4. Discal series of thorax consisting of 5 punctures each . . . p. 328 

„ 5. Discal series of thorax consisting of 6 punctures each . . . p. 345 
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Group 6. Discal series of thorax each consisting of more than 6 punc- 
tures, series often very irregular • P« 3^^ 

„ 7. Large brown species, discal series of thorax consisting of 

various numbers of punctures p, 359 


Group 1. — Discal Series of Thoracic Punctures Absent. 

In this group are two African species, impuncticollis Bemhauer and curiosus 
sp. n. In other parts of the world the group is represented by very few species, 
and it appears to be a group of convenience for the purpose of separating off 
some of the species of this large genus, rather than a natural group of allied 
species. P. impuncticollis Bemhauer bears a general resemblance to species 
of the politus group, and perhaps should be more naturally classed with these ; 
P. curiosus sp. n., on the other hand, is of a Quedioid appearance and unlike 
any other species of the genus known to me. 

These two species may be separated thus : 

1. Size larger, 14 mm. ; facies of politus Linnaeus ; median pair of inter- 
ocular punctures present ; elytra bronze, as long as broad 

1. impuncticollis Bemhauer.^ 

Size smaller, 11 mm. ; facies of Quedius ; median pair of interocular 
punctures absent ; elytra pitchy-brown, much broader than long 

2. curiosus sp. n. 

1. P. impuncticollis Bemhauer. 

Bemhauer, 1932, Rev. Zool.-Bot. afr. 22 : 153. 

Since Bemhauer’s description of this species is very short and consists 
merely of the differences between it and splendens Fabricius, I give here a full 
description of the speedes taken from an unnamed specimen in the Belgian 
Congo Museum which seems to be the Bemhauer species and which comes from 
the type locality, namely, Haut-Uele, Abimva. The figure of the aedeagus is 
taken from this specimen. 

In size and general appearance very like P. politus L., from which it may be 
distinguished easily by the absence of the discal series of punctures on the 
thorax, by the less punctate head, by the absence of “ brackets ’’ at the bases 
of the abdominal segments, etc. The aedeagus is very like that of P. addendus 
Sharp. 

Black ; elytra bronze ; legs, antennae and palpi pitchy-brown. 

Head (male) transverse, about one-quarter broader than long ; front almost straight, 
slightly convex, anterior angles very obtuse ; eyes large, extending two-thirds of the side 
of the head ; surface smooth, shining, with five or six punctures along the inner margin 
of the eye ; the median pair of interocular punctures very widely distant from one another, 
situated quite close to the front marginal punctures of the eyes ; two other punctures 
between the latter and the base of the antenna ; a cluster of punctures in the post-ocular 
region ; sides of head slightly divergent towards the base ; posterior angles obtusely roimded ; 
basal margin rounded, concave. 

Mandibles short and stout, the right mandible longer, sharper and more slender than 
the left ; the inner margin very strongly and bluntly toothed in the middle. 

Maxillary palpi with the last segment long, narrow, but little pointed at the apex, much 
longer than the third, which is shorter than the second. 

^ Numbers placed in front of the names of species in the keys indicate that these species 
are referred to in the text of this paper. 
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!Pios. 1-10. — (1) P» impunctk^Uis Bemhauer. Aedetigus, upper view. (2) P, curiosua 
sp. n. Apex of median lobe, inner face. (3) P. curiosns. Apex of paramere, inner 
face. (4) P. ourioaus, Aedeagus, lateral view. (5) P. achmUedeni Bemhauer. Para- 
mere, inner face. (6) P. achouUdeni, Apex of median lobe, inner face. (7) P. 
aeriatipennia Bemhauer, Aedeagus, lateral view. (8) P. aeruUipennia, Aedeagus, 
upper view. (9) P. triaeruUua Bemhauer. Aedeagus, lateral view. (10) P. triaeriatua, 
Aedeagus, upper view. 
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Aatennae gradually, but not much, thickened towards the apex ; second and third 
segments equal, considerably shorter than the first ; fourth a little longer than broad ; 
fifth quadrate ; sixth to tenth increasingly transverse ; eleventh short, as long as broad at 
its shortest length. 

Thorax in front about as broad as head, widened behind ; viewed from above, the 
anterior angles are deflexed and broadly rounded, viewed from the sides they are nearly 
right angles ; sides slightly rounded ; the posterior angles and the base form one broad 
continuous curve ; discal series of punctures absent ; usual marginal punctures and four 
punctures in the anterior angles. 

Scutelluin moderately closely punctured. 

Elytra about as long as together broad ; bronze-olive in colour, clothed with dense, 
long, yellowish pubescence ; puncturation close and moderately strong, nearly as close as 
that of P.J)olitus L. 

Abdomen finely and fairly thickly punctured, but not so closely as in politiia L. ; the 
transverse lines at the bases of the segments are straight. 

Posterior tarsi with the first segment short, about equal in length to the fifth, shorter 
than the three following together. Legs short, densely pubescent, with the tibiae strongly 
spinose. 

Male ; Anterior tarsi distinctly but not very broadly dilated. 8th stemite very 
broadly, shallowly, triangularly excised at the apex. 

Length : 14 mm. 

Aedeagus with the median lobe rather broad, parallel-sided, and flatly rounded at the 
apex ; paramere slender, about one-third the width of the median lobe, a little widened 
towards the apex, where it is rounded (fig. 1). 

2. P. curiosus sp. n. 

In the British Museum there is a short series of this species standing over 
the MS. name 'paradoxus Bemhauer.” I have rejected this name, since it has 
already been employed for an Indian species of the genus by Cameron (1932, 
Fn. Brit, Ind, Staph, 3 : 151). 

Head black ; thorax pitchy black ; elytra pitchy brown ; abdomen pitchy black, the 
segments with the side margins and the apical margins brown ; palpi pitchy antennae 
brown, with the apex of each segment infuscate ; legs dirty testaceous. 

Head a little broader than long, w idest behind eyes ; sides behind eyes rounded and 
narrowed ; eyes large, occupying three-quarters of the sides of the head ; base straight, 
nock wide ; a minute puncture at the inner margin of the eye anteriorly ; no interocular 
punctures ; a few distinct punctures in the post-ocular region ; surface with a distinct, 
more or less transverse ground sculpture. 

Maxillary i)alpi with the last segment longer than the j>enultimate. 

Antennae veiy short, shorter than the head and thorax together ; third segment 
shorter than the second ; fourth and fifth subequal ; sixth to tenth transverse ; eleventh 
short, equal to the fourth. 

Thorax distinctly longer than broad ; sides slightly rounded, convergent anteriorly, 
more or less parallel posteriorly ; anterior angles deflexed, marked ; posterior angles 
obtuse, rounded together with the base. 

ScuteUum a little more finely and more closely punctured than the elytra. 

Elytra longer than the thorax ; piuch broader than long ; finely, moderately closely 
punctured ; pubescence long, j ellowish. 

Abdomen diffusely and finely punctured, shining ; pubescence scanty. 

Legs short ; posterior tarsi longer than the tibiae ; first segment equal to fifth, as long 
as the second and third together. 

Length : 11 mm. 
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Male : Anterior tarsi moderately dilated. I have not examined the structure of the 
last ventral segments. The aedeagus is rather curious, the median lobe being unusually 
broad basally and evenly narrowed to a point at the apex, the paramere being narrowly 
and deeply divided at the apex, studded with a double row of numerous pegs on the inner 
face at each side of the division (figs. 2, 3, 4). 

N.W. Rhodesia ; Kashitu, N. of Broken Hill, 23.iii. 1916 (£f. C, Dollman). 
Type in the British Museum (Natural History) 

The species has rather a Quedioid appearance, and is remarkable for the 
scarcity of punctures on the head and thorax. On the thorax the discal series 
is wanting (or only marked by one small puncture in the fourth position) ; 
there is no lateral series, only a few very minute pimctures ; there are two 
distinct pimctures near the margin and a very few minute marginal punctures. 

Group 2. — Discal Series of Thoracic Punctures Consisting of 2 or ^ Punctures, 

As was the case in the previous group, the species in the present group, 
whether from Africa or from other parts of the world, are not numerous, neither 
do they, taken all together, form a natural group. It is significant, however, 
that a number of these species from the Congo region share in common a 
distinctive feature in the sculpture of the elytra, which consists of a few longi- 
tudinal series of larger setiferous punctures in addition to the normal punctura- 
tion. I have only been able to examine the aedeagus of three of these Congo 
species, and in each case the structure of this organ is exceptional. But 
whereas two of them, triseriafus Bemhauer and serial ipennis Bemhauer, differ 
from the normal form in a similar manner, the third, schoutedeni Bemhauer, 
differs from the normal in another way, so remarkable that I consider the 
species should be placed in a separate subgenus. An examination of the 
aedeagus of the other species of the group would be interesting. 

Within the group also there are another three species which stand by them- 
selves, namely, fnadianus Bemhauer, rtigulijminis sp. n. mdperijmteticus sp. n. ; 
Jind these also, 1 consider, should be placed in a separate subgenus. 

The following key to the species of the group has been dravm uj) largely from 
the published clescriptions, and for reasons stated below (p. 304) madianus 
Bemhauer has been omitted from the key. 

1. Elytra with a few longitudinal rows of larger punctures in addition to 

th(» other puncturation 2. 

Elytra closely, rugosely, uniformly punctured 8. 

2. Thorax with discal series consivSting of one distinct puncture (the mar- 

ginal puncture indistinct if also present) 3. 

Thorax with discal series consisting of three punctures 4. 

3. Thoracic puncture situated behind the middle ; elytra closely, rather 

finely puiKitured reinecki Schubert. 

Thoracic puncture before the middle ; elytra smooth, almost impunctate 

3. schoutedeni Bemhauer. 

4. Elytra unicolorous black 5. 

Elytra not unicolorous black 6. 

5. Basal segment of antennae and legs light ; abdomen almost impunctate 

along the middle ; size smaller, 6-6 mm tristichus Cameron. 

Antennae and legs pitchy ; abdomen punctate ; size larger, 7*5*-8*5 mm. 

mofigendensis Bemhauer. 
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6. Elytra with extreme hind margins narrowly reddish 

5. trisericUm Bernhauer. 

Elytra unicolorous brownish 7. 

7. Size smaller, 5-5-6 mm. ; elytra more finely and closely pimctured, 

margins of abdominal segments lighter . . .4. seriatipennis Bernhauer. 

Size larger, 7-5 mm. ; elytra less closely punctured ; abdomen uni- 
colorous black r dilutior Bernhauer. 

\lampropterus Bernhauer. 

8. Head transverse, quadrate, sides behind eyes strai^t, divergent, pos- 

terior angles marked, nearly rectangular. . . . 6. rugulipennis sp. n. 

Head transverse oval, sides behind eyes feebly rounded, nearly parallel, 
posterior angles obtuse, rounded 7. peripateiicus sp. n. 

3. P. schoutedeni Bernhauer. 

Bernhauer, 1928, Wien ent, Ztg. 45 : 115. 

This species is remarkable because of the smooth surface of the elytra, 
which are almost devoid of puneturation ; in this respect it is unique among 
all the species of the genus known to me. Furthermore, it is unique in the 
structure of the aedeagus. The paramere is widely furcate (as in many other 
species of the genus), but within the furcation it carries two large accessory 
lobes which bear the pegs which normally occur on the inner face of the para- 
mere at the apex. These lobes arc closely and entirely studded with the pegs. 
The hairs which are usually present at the apex of the paramere are situated 
partly at the apex of each prong and partly on these additional lobes. Figure 
6 shows the paramere with accessory lobes ; figure 6 is the apical part of the 
median lobe. The figures are drawn from a specimen in the Mus6e du Congo 
Beige from Haut-Uele : Dika. 

This extraordinary aedeagus marks P. schoutedeni Bernhauer as being an 
exceptional form within the genus ; and it is not without interest that it is 
accompanied by an extreme form of elytral sculpture. I consider that the 
aedeagal structure alone warrants placmg the species in a separate subgenus, 
for which I propose the name Philonthoblerius subgen. n., with Philonthus 
schoutedeni Bernhauer as tyjie. 

4. P. seriatipenms Bernhauer. 

Bernhauer, 1928, Wien. ent. Ztg. 45 : 114. 

Cameron, 1929, liev. Zool.-Bot. afr. 18 ; 62. 

In this species the aedeagus exhibits certain unusual features. The para- 
mere at the apex envelops the median lobe on either side ; it is also rather 
asymmetrical at the apex, where it is bilobed. The pegs are irregular and 
extend a considerable distance below the point of union of the two lobes 
(figs. 7 and 8). 


5. P. triseriatus Bernhauer. 

Bernhauer, 1928, Wien ent. Ztg. 45 : 112. 

Cameron, 1929, Rev. Zool.-Bot. afr. 18 : 61. 

In this species the aedeagus is similar to that of the previous species in the 
way that the apex of the paramere enwraps the median lobe at the sides, and 
also in the fact that the paramere is divided at the apex. It differs, however, 
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in the shape of the paramere, and in the arrangement of the pegs which are 
not visible from the outer face. 

I have seen three specimens of this species in the Mus6e du Congo Beige, 
each bearing the label “ Type.” From one of these specimens, from Mongende, 
I have figured the aedeagus (figs. 9 and 10). 

6. P. rugulipennis sp. n. 

Black, with the palpi, base of the antennae, and legs brown, and with the apex of the 
apical segments of the abdomen brownish. 

Hoad (male) distinctly transverse, rectangular, about one-third wider than long ; front 
broadly rounded between the antennal tubercles, from these points to the eyes distinctly 
concave ; sides behind eyes about equal to the length of the eye, slightly divergent pos- 
teriorly ; posterior angles obtusely rounded ; hind margin straight. There is a distinct 
longitudinal, oval impression on the vertex of the head between the antennae. Three 
punctures along the inner margin of the eye, one at the extreme front, two at the posterior 
angle ; a fourth puncture near the eye forms a triangle with the two latter ; median inter- 
ocular punctures situated slightly posterior to the anterior marginal puncture of the eye, 
widely separated, being twice as distant from one another as from the eye ; a group of 
numerous punctures in the post-ocular region. 

Mandibles fairly long, strongly and bluntly toothed in the middle of the inner edge, 
apical part slender. 

Maxillary palpi with the apical segment about equal to the penultimate. 

Antennae not thickened, segments of equal width ; second and third equal, about one- 
quarter the length of the first ; fourth and fifth slightly longer than broad ; fifth to tenth 
decreasing in length, the penultimate segments distinctly transverse ; eleventh a little 
longer than broad. 

Thorax as wide as the head (male), quadrate ; anterior angles almost right angles ; sides 
parallel ; posterior angles broadly rounded together with the base. The two discal series 
consist of three punctures each, one on the anterior margin, one at about one-quarter the 
length of the thorax, and one at three-quarters the length. There are three other punctures 
between the second of those and the sides, in addition to usual marginal punctures. If 
viewed sideways the margin of the thorax will be seen to be strongly concave towards the 
posterior angle. 

Scutellum equilateral ; strongly and closely punctured. 

Elytra broader than long ; very closely, evenly and deeply punctured with large 
punctures. 

Segments of the abdomen as closely punctured as the elytra, but the punctures are a 
little smaller and become much finer towards the apex. 

Legs with the tibiae strongly spinose and pubescent. Posterior tarsi with the first 
segment longer than the fifth, nearly as long as the three following together. 

Underside with the head smooth, shining, with a few scattered punctures ; abdomen 
closely, roughly punctured ; anterior coxae lighter than the others. 

Length : 12 mm. 

Male : Anterior tarsi dilated ; eighth stemite triangularly excised to a depth of about 
one-third the length of the segment. Aedeagus with the median lobe parallel- sided, semi- 
circularly excavate at the apex ; on the outer face the sides fold over to enclose a produced 
apical portion which is scarcely visible from the other side ; the para-mere is deeply, but 
not widely, divided, from the apex almost to the base, the division being a little wider 
towards the base ; the pegs appear to be arranged along the outer margin of each of the 
two lobes thus formed, and are directed outwards, so that they are clearly visible when the 
aedeagus is viewed from the outer face of the paramere. (Figs. 11, 12 and 13.) 

The above description has been drawn up from a specimen in the Mus^e du 
Congo Beige bearing the unpublished name, rtigulipennis. 
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Figs. 11-17. — (11) P. rugulipennis sp. n. A]jex of median lobe, outer face. (12) P. 
rugulipennis, Aedeagus, lateral view. (13) P. rugulipennis, Aedeagus, upper view. 
(14) P, peripateticus sp, n. Aedeagus, upper view. (15) P. peripatetictia, Aedeagus, 
lower view. (16) P. hicolor Fauvel. Aedeagus, upper view. (17) P. bicolor. Aedea- 
gus, lateral view. 
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Holotype, in Mu84e du Congo Beige; Lulua : Kapanga, xi.l932 {F. G. 
Overlaet). 

7. P. peripateticus sp. n. 

Head and thorax black, shining ; elytra and abdomen pitchy, dull ; palpi reddish, 
light ; legs and antennae pitchy brovi^n, the latter with the basal segment lighter. 

Hoad (male) broader than long (7*5 ; 6*8), broadly rounded in front, rather straight 
between the antennae ; sides behind eyes parallel ; posterior angles large, obtusely rounded; 
base feebly concave ; length of the eye equal to the distance from its hind margin to the 
bristle near the nock ; median interocular punctures small and shallow, three times as 
distant from one another as from the marginal punctures of the eyes ; three distinct 
punctures at the inner posterior angle of the eye ; a number of other punctures in the post- 
ocular region ; surface smooth. 

Maxillary palpi with the apical segment subequal to the penultimate. 

Mandibles short and stout. 

Antennae short, gradually a little thickened towards the apex ; third segment a little 
longer than the second ; fourth a little longer than broad ; fifth and sixth about as long 
as broad ; seventh to tenth transverse ; eleventh short. 

Thorax slightly wider than the head (8*5 : 7-5), as long as broad ; anterior angles rect- 
angular, rounded ; anterior margin trmicate ; sides nearly parallel, almost straight, 
feebly sinuate in front and behind ; thorax broadest in the middle ; jKisterior angles very 
obtusely rounded, together with the base. Discal series with two punctures in each, the 
first near the anterior margin being small ; two punctures placed transversely on each side 
in line with the second discal puncture ; another puncture in the anterior angle near the 
front margin. 

Scutellum closely, moderately strongly and roughly jiunctured. 

Elytra longer than the thorax (10 : 8*5), wider than long (10 '5 : 10), wider at ajiex than 
at base (10-5: 9-5); surface closely, strongly, coarsely punctured, with a very rough 
appearance ; j)ub(^scence close, short, yellowish brown. 

Abdomen very closely, evenly, rather finely })unctured and pubescent throughout. 

Legs with the tibiae jiubescimt and spinose ; posterior tarsi as long as the tibiae ; first 
segment nearly twice as long as the fifth, nearly as long as the three following together. 

Length : 12 mm. 

Male : Anterior tarsi rather strongly dilated ; eighth sternite broadly emarginate at 
ajK'x ill a distinct, but not dt^ep, curve, which is bordered by a smooth bevel. 

In the aedeagus the paramere is divided for the greater part of its length ; it is acuminate 
apically, when' the two branches are approximate ; towards the base of the division, how- 
ever, they an* (pHte wi<h*ly sejiarated ; the paramere almost reaches the apical margin of 
the median lobt‘ ; tliere are two rows, each consisting of six or seven small pegs, arranged 
longitudinally at the apex on the inner face of each branch of the paramere. The median 
lobe is ])eculiar ; in geu(u*al form it is more or less tubular ; viewed from the apical end it 
appears as a circle, w ith a gap on each side of the outer-fiice edge ; viewed from the inner 
face (fig. 14) it is parallel-sided, with the a}H?x strongly emarginate in a curve ; behind the 
apical margin, ex})osed by this emargination, may bo seen the apex of the outer face (?), 
which ap^iears as a broad plate, flattened at its apex ; vie\ved from the outer face the median 
lobe is very difficult to describe or to figure, and as I was only able to examine a dried 
specimen, it was impossible to tell to what extent the visible parts were internal sac. 
As may be seen from fig. 15, the back of the inner face may be seen apically at the sides (6) ; 
(a) is the broad plate i*eferred to above ; the inner face extends round the lobe more and 
more towards the base (d ) ; the lino (r) in the figure, so far as could be seen from the speci- 
men examined, does not mark a separate part of the lobe, but indicates the beginning of a 
less sclerotizod portion ; similarly, (e) may not be a distinct plate, but is probably a more 
strongly sclerotized portion of the surface than the adjacent parts ; there appears to be a 
distinct keel at the apex of this part (e). 
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Type in my collection, ; Nyassa ; two paratypes from the same locality. 
► This species may be distinguished from the closely allied rugulipennis sp. n. 
by the rounded posterior angles of the head, absence of the depression on the 
vertex, and by the absence of the puncture in the fourth position of the discal 
series on the thorax ; the puncturation of the abdomen is a little finer. 

In view of the peculiar structure of the aedeagus in this and the preceding 
species, a peculiarity which is accompanied by similar differences in sculpture 
from the normal, I propose for these species a new subgenus, Raucalius, with 
Philonthus peripatetims sp. n. as its t 3 rpe. 

8. P. madianus Bernhauer 
Bernhauer, 1936, Nov. ZooL 89 : 263. 

There is a specimen of this species, described from Angola, in the British 
Museum (Natural History). Bernhauer, in his description of the species, does 
not specify the type specimen but merely says, “ In den Sammlungen des 
British Museums, des Museums in La Chaux-de-Fonds und, in meiner eigenen.” 
Presumably the British Museum specimen may be regarded as a paratype at 
least. Unfortunately it is in a very bad condition, and I have been unable to 
separate it from rugulipennis. I have, however, felt justified in describing 
Tugulipennis as a new species, since Bernhauer adopted this name for the species 
in question, although only as a museum label ; and having examined other 
specimens of madianus it may be presumed that Bernhauer knew his own 
species and was able to detect differences between it and tugulipennis which 
are not readily discernible in a bad specimen. It is a pity that he did not 
figure or describe the aedeagus of madianus. Until such time as this organ 
can be examined I would provisionally place madianus Bernhauer along with 
tugulipennis and peripateticics in the new subgenus Raucalius. 


Group 3. — Discal Seties of Thotax Consisting of Fout Punctutes. 

A large number of African species come in this group, and it is convenient 
for the purposes of a key to divide it. 

First, all large or moderately large browi (or brown with black heads) 
species can be separated off and treated in a group by themselves, together 
with other similarly coloured species of other groups (Group 7). The number 
of pimctures in the discal series of the thorax is not always easily discernible 
amongst these brown species, so it is an advantage to treat them by tliemsclves 
instead of trying to place them in keys based on the thoracic punctures ; no 
objection can be raised to this method of treatment on the grounds that such 
a grouping is a purely artificial one based on colour, for the grouping of species 
of Philonthus by their thoracic punctures is also an artificial one, and does not 
always show close relationship, but has always been found to be a practical 
method for the determination of species. 

Secondly, some of the species in the four-punctate group are large, of the 
same general appearance and size as the well-known P. politus L. ; these, 
together with a few other species of more or less the same size, I have placed 
in a key by themselves. Section A, leaving the small and moderate sized species 
to Section B. 



S05 


the genus Philonthus Steffens {CdUoptera) 

Section A. 

1. Abdomen brown 9. bicolor Fauvel. 

Abdomen black, or black with light apex 2. 

2. Abdomen with apex unicolorous with the rest 3. 

Abdomen black, with apex yellow ; elytra red-yellow 

. 10. flavicauda Bernhauer. 

3. Elytra red or crimson 4. 

Elytra otherwise coloured 6. 

4. Elytra red 11. qffinis Both. 

Elytra crimson 5. 

5. Head strongly transverse, wider behind, hind angles prominent ; elytra 

and abdomen rather diffusely punctured ; colour of elytra more 

crimson 14. haematodes Bernhauer. 

Head less transverse, not wider behind, hind angles obtusely rounded ; 
elytra and abdomen very closely and very finely punctured ; colour 

of elytra less crimson 15. scotti Bernhauer. 

a kristenseni Bernhauer. 

6. Elytra blue chloropterus Bernhauer. 

Elytra not clear blue 7. 

7. Antennae with the first four or five segments testaceous 

16. dimidiaticornis Fauvel. 
Antennae with first four or five segments not all testaceous ... 8 

8. Elytra black with a red patch on the disc of each 

23. natalensis var. vittatus Roth. 
Elytra without red patch 9. 

9. Elytra metallic 10. 

Elytra unicolorous black, not metallic 17. 

10. Head quadrate, distinctly transverse 11. 

Head oval, or if quadrate as long as broad, 15. 

11. Head and thorax black 12. 

Head and thorax metallic or coloured 14. 

12. Eyes occupying fully two-thirds the sides of the head ; elytra closely, 

fairly finely punctured ; scutellum densely and finely punctured all 

over 17. hasicornis Eppelsheim. 

Eyes occupying less than half the sides of the head 13. 

13. Head with few punctures m the posterior angles ; elytra coppery, 

strongly but not closely punctured ; thorax more transverse 

18. car pe uteri Bernhauer. 

Head with numerous rather strong punctures in the posterior angles ; 
elytra greenish-blue, strongly and closely punctured ; thorax h*S8 
transverse 19. phoculus sp. n. 

14. Head and thorax greenish ; elytra green . . . .20. jeanneh Bernhauer. 

Head and thorax purple ; elytra greenish-bronze . . 21. hirsutus sp. n. 

15. Head oval, transverse ; elytra bronze .... 13. meihieri Bernhauer. 

Head quadrate, about as long as broad 16 

16. Eyes moderate, occupying about half the sides of the head ; elytra 

with steel-blue tint tandanlensis Bernhauer. 

Eyes very small, occupying scarcely one-third the sides of the head ; 
elytra bronze 22. abdicans sp. n. 

17. Puncturation of elytra very sparse ; insect narrow 

r24 ahyssimis Fauvel. 

< 25. Tottenham. 

^26. elgoncnsis Tottenham. 

Puncturation of elytra moderately or very close 18. 
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18. Segments four to six of antennae longer than broad ..... 19, 

Segments four to six of antennae not longer than broad ; insect broad 

and convex ; elytra moderately punctured ; posterior angles of 
head not very strongly or closely punctured . 23. natalensis Boheman. 

19. Size larger, species broader ; posterior angles of head with only a few 

strong punctures ; elytra rather strongly punctured 27. nimboides sp.n. 
Size smaller, insect narrower ; posterior angles of head with a few 
moderate punctures ; elytra closely and finely punctured 

28. aethiops Bernhauer. 

(N,B , — Nearly all the species belonging to the section are included in the 
above key.) 


9. P. bicolor Fauvel 

Fauvel, 1903, Ark. Zool. 1 : 240. 

I have figured the aedeagus of this species from a specimen in my collection 
which I received without data, but bearing two labels, “ hicolor Fauvel ” and 
“ divisus Sharp.” The specimen is certainly not the latter species, with which 
I have compared it in the British Museum ; it answers to the description given 
by Fauvel of his species. The brown abdomen marks the species as quite 
distinct from the other known African species of the group. The aedeagus 
is not of the typical politus form, but has the paramere furcate ; the strongly 
narrowed and produced apex of the median lobe is also an imusual feature 
(figs. 16, 17). 


10, P. Jlavicauda Bernhauer. 

Bernhauer, 1936, Ann. Mag. nat. Hist. (10) 18 : 325. 

This species is easily recognized by the pale apex to the abdomen. I liave 
figured the aedeagus from a specimen in the MiLsee du (k>ngo Beige from Kivu : 
Tshibinda. (Figs. 18, 19). 


11. P. affinis Roth. 

Both, 1851, Arch. Naturg. 17 (1) : 118 

The not easily accessible description of this species, whic^h was described 
from Abyssinia, consists only of a few lines. I take this opportimity, therefore, 
of giving a full description of the insect and of figuring the male genitalia. 

Head and thorax dark metallic green, elytra testaceous rod, scutelluni and abdomen 
black, antennae pitchy with base of second segment red, mandibles pitchy red, palpi 
reddish brown, tibiae and tarsi testaceous red, femora dark brown or blackish. 

Head somewhat variable, transverse ; front feebly rounded ; sides slightly divergent 
jx)steriorly,' nearly straight; posterior angles rather obtuse and rounded; eyes rather 
small, in length about equal to the sides behind the eyes ; interocular punctures more than 
twice as distant from one another as from the marginal puncture of the eye ; another 
strong pair of punctures as far apart as the interocular punctures, about the level of the 
hind margin of the; eye, forming with the interocular punctures a rectangle ; vertex of 
head smooth, head finely punctured anteriorly, the whole of the postocular region filled 
with largo punctures, this punctate area being more or less bounded by a line drawn from 
the posterior angle of the eye to the centre of the hind margin of the head. 

Antennae with the second and third segments subequal, the fourth and fifth consider- 
ably shorter, but both a httle longer than broad, sixth and seventh quadrate, eighth to 
tenth transverse. 
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Figs. 18-26. — (18) P. flavicauda Bernhauer. Aedeagus, lateral view. (19) P. flavica/iida. 
Aedeagus, upper view. (20) P. affinis Roth. Aedeagus, upper view. (21) P. affinis. 
Aedeagus, lateral view. (22) P. haermtodes Bernhauer. Aedeagus, upper view. 
(23) P. haematodes. Aedeagus, lateral view\ (24) P. hasicomis Eppelsheim. Aedeagus, 
lateral view. (25) P. basicornis, Aedeagus, upper view. (26) P. hasicomis. Apex 
of paramero, inner face. 
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Thorax as wide as the head and as long as wide ; anterior margin truncate, anterior 
angles rectangular, sides nearly straight in front, but diverging posteriorly, so that the 
thorax is distmctly widest at about the middle, sides behind the middle sinuately narrowed 
to the posterior angles which are strongly roimded together with the base ; dorsal series 
oonsistmg of four fairly strong, more or less equidistant punctures ; usual lateral punctures. 

Scutellum rather ^ely and closely punctured. 

Elytra quadrate, moderately closely and mbderately strongly punctured and with 
yellowish pubescence. 

Abdomen loss closely and more finely punctured than the elytra, the Imes at the bases 
of the segments straight. 

Legs with the tibiae strongly spinose and pubescent ; posterior tarsi with the first 
segment about equal to the fifth and scarcely as long as the second and third together. 

Length : 16 mm. 

M(Ue : Anterior tarsi not strongly dilated ; eighth stemite triangularly emarginate, 
the excision being a httle wider than deep. The aedeagus, figs. 20, 21, calls for no special 
comment. 

The species may easily be separated from the other species of the same size 
with 4-puiictate thorax and red elytra (the European P. nitidus Pabricius, 
and the Central American P. hogei Sharp and P. testaceipenma Erichson) by its 
metallic green head and thorax, by its light legs, as well as by differences of 
sculpture. 


12. P. knstensem Bemhauer. 

Bcinhauor, 1915, Am, Mua, not. Hung, 18 : 138. 

I have not seen any examples of this species and have mcluded it in the key 
from the published description. There is evidently some confusion as to its 
identity, for I have seen specimens named by Bemhauer as this species which 
are hospes Erichson, a species belonging to the 5-punctate thorax group. 


13. P. methnen Bemhauer. 

Bemhauer, 1915, Ann, Mus, nai. Hung, 13 : 139. 

There is a short senes of P. methnen Bemhauer in the British Museum, but 
J have not been able to examme the aedeagus of a male. 


14. P. Mermfodes Bemhauer. 

Bemhauer, 1915, Ann, Mus, mX, Hung, 13 ; 138. 

The aedeagus is figured from a specimen which is identical with the P. 
kiemaXodes Bemhauer m the British Museum. The specimen in question was 
among the Museum series of methnen Bemhauer and bears a Bemhauer label 
“P. methnen^ The aedeagus is of the typical form and is shown m figs. 22, 23. 


15. P. scotii Bemhauer. 

Bemhauer, 1931, J, Linn, Soc, (Zool,) 38 ; 586, 

This species has been included in the key from the examination of a female 
specimen in the Biitish Museum. 
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16. P. dimidiaticornis Fauvel. 

Fauvel, 1906, JBev. Ent. 24 ; 197. 

This species is unknown to me, and I have relied on the published descrip- 
tion to include it in the key. Fauvel’s remark that it is of the facies of P, 
proximus Kraatz, and his other reference to that species are not affected by 
the confusion which has existed with regard to Kraatz’s species. {See Totten- 
ham, 1939, Ent, mon. Mag, 75 ; 218-220.) 

17. P. basicornis Eppelsheim. 

Eppelsheim, 1895, Disch, ent, Zeits, 39 : 124. 

This species is a very typical example of the group, and comes near to P. 
pohtvs L. In the aedeagus, however, it shows a slight departure from the 
typical form. The paramere is rather broad and slightly emarginate at the 
apex, and the median lobe when viewed from its side has a distinct hook on the 
inner face at the apex, a character which occurs in some other species of the 
genus, and which is by no means uncommon in other genera of Staphyltnidae. 
The form of the aedeagus is shown in figs. 24, 25, 26. 

18. P. carpenten Bernhauer. 

Bernhauer, 1937, Ann, Mag, nat, Ihst, (10) 20 : 301. 

The aedeagus is shown in figs. 27, 28. 

19. P. phoculus sp. n. 

Black, shining, head and thorax very shghtly aenescent, elytra green ; palpi reddish 
brown ; legs pitchy, tarsi reddish. 

Head quadrate, much wider than long (3*3 : 2*5) ; front broad, but little produced 
before the eyes ; sides parallel ; jiosterior angles very obtusely rounded ; base broad, 
concave ; eyes very small and flat, occupying scarcely more than one-third of the lateral 
margms of the head. There is a famt longitudinal channel on the front of the head in the 
nuddle. In the unique type the mtorwular punctures differ both in number and dis- 
position on the two sides of the head ; on the right there is a transverse row of three close, 
almost equidistant punctures, one being on the ocular margin ; on the left the marginal 
puncture is similar, but the other two are replaced by three, of which the first is a httle 
more remote from the marginal puncture of the eye than the corresponding iiuncture on 
the othei side, the other three are equidistant, but are placed a httle nearer the centre of 
the head than the two on the opposite side ; it is impossible to say which is the normal 
number of punctures in the species, but at any rate there seems to be no reason to doubt 
that the interocular punctures consist of a transverse row of at least three fairly large, 
distinct punctures on each side of the head. The whole of the postocular region is covered 
with rather sparsely spaced fairly large punctures, which at the base of the head extend 
narrowly almost to the middle. Outstanding amongst these punctures are two on each 
side of the head, which with the second (from the eye) of the mterocular pmictures make 
two straight linos strongly converging towards the base of the head. 

Palpi with the last segment scarcely longer than the penultimate. 

Antennae wanting. 

Thorax (male) as wide as the head, as long as broad, broadest in the middle, w^hcro the 
sides are distinctly but briefly rounded ; sides in front and behind sinuate ; antt'rior 
margin very straight ; anterior angles rectangular ; posterior angles rather marked, very 
obtuse ; base very strongly rounded. Discal series consisting of four moderate, nearly 
equidistant, punctures ; laterally with five other pimctures m the anterior region. Ground 
sculpture, like that of the head, extremely close and fine. 
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Figs. 27-35. — (27) P, carpenter i Hemhauer. Apex of aedeagus, lateral view. (28) P. 
carpenferL Apex of aedeagus, upi>er view. (29) P. phoc/ulus sp. n. Apex of aedeagus^ 
ujiper view. (30) P. jihoculua. Apex of aedeagus, lateral view. (31) P, pfiocrdns, 
Paramere, inner face. (32) P, jmnneli Bemhauer. Aedeagus, upixjr view. (33) P, 
jetxnndi. Aedeagus, lateral view. (34) P. hirsutus sp. n. Aedeagus, upper view. 
(35) P. hirsutus, Aedeagus, lateral view. 
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Scutellum very moderately and rather sparingly punctured. 

Elytra broader than the thorax, distinctly wider than long, widened behind ; punc- 
turation rather irregular, not strong, rather close, finer and more sparing towards the 
shoulders. 

Abdomen almost smooth, very finely and sparsely punctured. 

Posterior tarsi mostly wanting, but the first segment is not very long, about double 
the length of the second. 

Leiigth : 14 mm. 

Male : Anterior tarsi moderately dilated ; eighth stemite rather long, broadly, not 
very deeply, triangularly emarginate. The aedcagus is of tj^Mcal form, see figs. 29-31. 
The median lobe, however, is very feebly keeled down the centre of the apical portion on 
its inner face as far as the apex of the paramere ; the paramere has a few irregular weak 
pegs in the centre at the apex ; in fig. 30 the paramere has been pulled apart from the 
median lobe, and shows that the keel on the latter is almost invisible in the lateral view. 

Type, male, unique, Abyssinia, without further data ; in my collection. 
20. P. jeanneli Bernhauer. 

BtTiihauer, 1939, Mdm. Mus. nat. Hist, nat, Paris (n.s.) 9 : 82. 

Black, with the head, thorax and el3rtra dark green, mandibles pitchy. 

Head strongly transverse in both sexes (7:5); front concave between the antennae ; 
eyes small, flat ; sides behind eyes feebly rounded, almost parallel ; eyes about equal to 
lateral margins behind eyes ; posterior angles obtusely rounded ; base concave. A strong 
longitudinal furrow in centre of head in front ; three punctures close to base of each antenna ; 
six or seven punctures along inner margin of each eye, four interocular larger punctures 
placed transversely, of whi(;h the inner punctui’c on each side of the head is about midway 
between the centre of the head and the inner margin of the eye ; two other interocular 
pimotures on each side behind these forming with them more or less a square ; a second 
row of small i)unctures outside the marginal row along the inner margin of the eye ; a 
number of punctures in the postocular region, and a distinct puncture on each side towards 
the centre of the head near the neck. 

Antennae short ; second segment as long as the third, shorter than the first ; fourth 
longer than broad ; fifth quadrate ; sixth to tenth transverse but not strongly so. 

Thorax not broader than head, broader than long (7:6); anterior margin truncate ; 
anterior angles deflexed, rectangular if viewed from above ; sides slightly converging in 
front and btdiind, rounded ; posterior angles rounded with the base in a broad curve ; 
discal series each consisting of four punctures ; outside these series in the anterior half a 
series of t\^'o and a series of thre^e punctui-es more or less parallel to the lateral margin. 

Scutellum with a few fairly large shallow ])unctures. 

Elytra slightly broader than the thorax, about as broad as long ; puncturation fairly 
strong and diffuse. 

Abdomen fin<*ly and diffusely punctured at the base and extreme apex of each segment. 

Posterior tarsi with the first segment equal to the fifth, as long as second and third 
together. 

Length : 14 mm. 

Male : Anterior tarsi moderately dilated ; sternite 8 emarginate, the emargination 
slightly bevelled ; aodeagus, figs. 32, 33. 

Tyf)e, male, Mt. Elgon, iii.1934 (P. H. Johnston), 7000 9000 ft., in cow- 
dung, in British Museum (Natural History) ; West Aberdares, over 9000 ft. 
iv. V. 1934 (//. A. J, T^irner) ; Kinangop, x.1934 (//. A. J. Turner), in British 
Museum. 

Note, -The green of the head and thorax is not obvious in one of the British 
Museum specimens ; segments 1-4 of the anterior tarsi are usually lighter 
than the other tarsi. 
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21. P. hinutus ap. n. 

Black ; head and thorax with a distinct purple reflection ; elytra bright green with a 
bronze tint ; legs, antennae and palpi blackish ; elytra clothed with a long yellowish 
pubescence, hind body more scantily clothed with a greyish pubescence. Very shining, 
but abdomen duller. 

Head (male) wdistinctly transverse, rectangular, about half as broad again as long ; 
eyes large, but scarcely protruding at the sides, their longitudinal diameter being about 
two'thirds the length of the sides of the head. There is a large but very shallow depression 
in the middle in front. Head somewhat produced in front, anterior margin almost straight, 
sides behind eyes paraUel, posterior angles obtuse. The anterior ocular punctures are 
placed at about one-third the inner margin of the eyes, each eye with another strong 
puncture at about two-thirds of this margin, and three more at the inner posterior angle. 
The interocular punctures are placed very far apart from one another, quite close to the 
anterior ocular punctures, and nearer to these than to the points of insertion of the antennae. 
There are two other large punctures on each side forming an oblique 'straight line with 
the second ocular puncture from the base of the head. A number of other less distinct 
punctures in the posterior angles of the head. All the punctures are sotiferous, and there 
are two very long setae on each side of the head at the posterior angles. 

Maxillary palpi with the last segment much longer than the penultimate. 

Antennae about as long as the head and thorax together, the three basal segments 
glabrous, the rest very dull. All the segments are distmctly longer than broad, the second 
about half the length of the first, the third longer than the second, about two-thirds the 
length of the first, fourth to eighth about equal m length, mnth and tenth slighly shorter, 
distmctly but not very much longer than broad, eleventh about equal to the eighth, acumi- 
nately emargmate at the ajiex, but not strongly so. 

Thorax scarcely wider than the head (male), quadrate, sides almost straight and jiarallel 
m front, slightly narrowed behmd the middle, and then evenly rounded together with the 
base in a broad curve. ^Jlie discal series consists of four punctures, the anterior puncture 
being further apart than the rest, the series shghtly arcuate especially in front. There is a 
second series on each side, consistmg of three punctures, strongly curved towards the discal 
series ; two other punctures placed diagonally near the anterior angles. Marginal series 
consisting of about eight punctures. The punctures are set with long or very long setae. 

Scutellum large, its length more than two- thirds that of the sutural margin of the elytra, 
finely punctured, (‘lothed with yellowish pubescence. 

Elytra shghtly broader than the thorax, in length about equal to the thorax, broader 
than long ; colour much as in cupreonitens Eppelsheim ; puncturation fine, a little finer 
than m that species, clothed with fairly thick, long, yellowish pubescence ; there are two 
very long lateral setae, one at the shoulder, the other at about two-thirds the length from 
the shoulder, on each side. 

Abdomen with the basal segments shining, finely and sparingly punctured and pubescent ; 
the puncturation is a little closer towards the apical segments ; pubescence greyish ; 
raised lines at base of segments straight. 

Legs with the anterior tarsi strongly dilated in the male ; posterior tarsi with the first 
segment long, equal to the fifth, but much shorter than the other three together ; tibiae 
strongly spinose and pubescent. 

Length : 10 mm. 

Male : Eighth stemite broadly and triangularly emarginate at the apex, the emargi- 
nation being almost in the form of an equilateral triangle, whose altitude equals one-quarter 
the length of the stemite. 

Lulua : Kapanga, ix. 1933 (6r. F, Overlaet), 1 male. Type in the Mus^e du 
f^ongo Beige. 

The species may easily be distinguished by its distinctive coloration from 
its allies. It comes near to P. mefhneri Bemhauer, from which it may also be 
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distinguished by the more finely punctiired elytra and more sparingly punctured 
basal segments of the abdomen. 

The form of the aedeagus is shown in figs. 34, 36. 

22. Philonthua abdicans sp. n. 

This species is of the same narrow, parallel-sided form as P. abyssinus 
Fauvel, but differs in the colour of the el 3 rtra, etc. 

Entirely black ; elytra bronze ; palpi and tarsi brownish. 

Head quadrate, as long as broad, considerably produced before the eyes ; sides straight, 
parallel ; posterior angles very obtusely rounded ; base broad, concave. Eyes flat, very 
small, occup 3 ring about one*third of the lateral margins of the head. Median inter-ocular 
punctures not quite twice as distant from one another as from the marginal punctures of 
the eyes, which are situated right on the inner margin of the eyes. Another distinct 
large puncture on each side at the posterior angle of the eye, which together with two other 
large punctures on each side more towards the centre of the head, are arranged in an oblique 
line from the eye to the centre of the head near the base. The inner, i.e. posterior, pair of 
these punctures is as widely spaced as the median interocular punctures. The whole of 
the postocular region, extending round the base of the head towards the centre, is filled 
with large, sparingly placed punctures. 

Mandibles with a very large, sharp tooth on the middle of their inner edge, very slender, 
long and sharp. 

Antennae rather short, slender, feebly thickened towards the apex ; third segment 
longer than the second ; fourth very much longer than broad ; fourth to tenth markedly 
reduced in length, but the fourth to seventh all distinctly longer than broad ; ninth about 
as long as broad ; tenth a little transverse ; eleventh short. 

Thorax a little broader than the head, and a little longer than broad ; anterior margin 
tnmeate ; anterior angles rectangular ; sides very feebly curved and very feebly narrowed 
anteriorly, almost straight and parallel ; posterior angles very broadly rounded with the 
base. Discal series consisting of four more or less equidistant moderate punctures, the 
fourth not much more distant from the base than from the third. Five other punctures 
laterally in the anterior half. 

Scutellum rather small, moderately closely, not strongly, punctured. 

Elytra at the side about as long as the thorax in the middle, a little broader together 
than long ; puncturation rather coarse and close ; pubescence rather close, whitish, not 
very long. 

Abdomen moderately finely and sparingly punctured. 

Posterior tarsi with the first segment much longer than the fifth, as long as the second 
and third together. 

Length : 13 mm. 

Male ; Anterior tarsi only moderately dilated ; eighth stemite triangularly emarginate 
at apex. 

Type, male, unique, S. A^'KLCA, without further data, but probably from 
Cape Colony, in my collection. 

The aedeagus is of typical form. {See figs. 36, 37.) 

23. P, natalensis Boheman. 

Boheman, 1848, Ine, Caffr, 1 : 278. 

var. vittaiue Both, 1861, Arch, Naturgeach, 17 (1) : 118. 

The aedeagus of this species is remarkable on account of the shape of the 
apex of the median lobe. Viewed from the side it shows a large hook, as do 
some other species ■; but viewed from above, it will be seen that the hooked 
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Figs. 30-44. — (36) F, ahdicans sp.n. Apex of aedoagus, upper view. (37) P. ahdicans. 
Apex of aedcagus, lateral view. (38) P. natalenaia Boheman. Apex of aedeagus, 
upper view. (39) P. natalensis. Apex of sedeagiis, lateral view. (40) P. natahnsis. 
I^aramere, inner face. (41) P. ahyssinus Fauvel. Aodeagus, upper view. (42) P. 
psendahysainus Tottenham. Aedeagus, upper view. (43) P. psevdahyssinus, Aedeagus 
lateral view. (44) P. elgomnsia Tottenham. Aedeagus, upper view. 



3]6 


the genus Philonthus Stephens {CoUoptera) 

portion is elevated above the rest of the lobe in a raised surface, extending to 
the apex of the paramere, which surface is longitudinally impressed in the 
middle. The median lobe is also very slightly emarginate at the apex (viewed 
from above). The paramere is of the usual form. (See figs. 38-40.) 

24. P, ahyssinus Fauvel. 

Fauvel, 1880-81, Ann, Mua, ator. nat Oen, 16 : 203. 

26. P. pseudabyssinus Tottenham. 

Tottenham, 1940, Ent. mon, Mag, 76 ; 148. 

26. P, elgonensis Tottenham. 

Tottenham, 1940, op, cii , : 149. 

The differences between these three species are so slight that there would 
be little justification in regarding them as specifically distinct were it not for 
the marked differences in the male genitalia. These differences can be easily 
appreciated by reference to the figures — ahyssinus Fauvel, fig. 41 ; pseud- 
ahyssinus Tottenham, figs. 42, 43 ; elgonensis Tottenham, figs. 44, 45. 

27. P. nimboides sp. n. 

A large, black, depressed species, of conspicuous appearance, resembling a Behnuchus, 
Pali)i red-brown ; legs, last segment of antennae, apical borders of abdominal segments 
brownish. 

Head transverse in both sexes, very little produced before the eyes, anterior margin 
broad and straight. Eyes small ; sides of head behind eyes equal to about twice the longi- 
tudinal diameter of the eye. Sides of head parallel, j) 08 terior angles strongly rounded ; 
basal margin concave. Head in male about half as broad again as long, in female about 
one-third as broad again as long. Front of head broadly impressed, a large, deep, distinct 
circular depression in the middle, and on each side of this a less distinct impression con- 
taining the interocular j)uncture. The interocular punctures are large, mdoly separated, 
nearly twice as distant from one another as from the marginal ocular puncture, which is 
situaU^d slightly anteriorly to them. Two other very large punctures level 'wdth the hind 
margin of the eye, pla(5ed much more widely apart, and two others towards the base but 
considerably distant from it, j)lac(^l nearer together than are the interocular j)uncture8. 
These six punctures, together with the anterior central dei^ression form a circle. There are 
four other punctures at the inner i)osterior angle of each eye, and there is also a cluster of 
large })uncturos beliind the eye. 

Mandibles fairly long, outer edge straight in the basal half, then strongly curv ed ; inner 
edge strongly, bluntly toothed a little Indow the middle ; left mandible much more slender 
than the right. 

Antennae long, the first three segments shining, the rest dull ; basal segments reddish 
at their extreme bases, the apical segments reddish ; second segment equal to the third, 
much shorter than t he first ; fourth to sixth decreasing in length but longer than broad ; 
seventh quadrate ; eighth to tenth decreasing in length, transverse, but not strongly so 
in their widest asjKJct, eleventh short. 

Thorax slightly broader than long ; anterior angles rectangular ; anterior margin 
rounded ; sides straight and slightly widened from the front to about the middle, then 
strongly narrowed and hollowed ; j)osterior angles broadly rounded with the base. Discal 
series slightly arcuate, the middle punctures being closer to the middle of the thorax than 
the anterior or ix)sterior punctures ; series each consisting of four strong pimctures, equi- 
distant from one another, the first appreciably distant from the anterior margin ; usual 
five punctures in the anterior lateral i-egion on each side. 
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Figs. 45-53. — (45) P. elgonensis Tottenham. Paramere, inner face. (46) P. nimhoides 
sp. n. Aedeagus, upper view. (47) P. nimhoidea. Aedeagus, lateral view. (48) P. 
dethiopa Bemhauer. Aedeagus, upper view. (49) P. aeihiopa, Aedeagus, lateral 
view. (50) P. rhodeaiae sp. n. Apex of median lobe, inner face. (51) P. rhodeaiae. 
Apex of paramere, inner face. (52) P. praetor sp. n. Apex of aedeagus, upper view. 
(53) P. praetor* Apex of aedeagus, lateral view. 



the ^us Philonthits Stephens (Coleoptera) 


317 


Elytra together as wide as the thorax and slightly longer than broad ; puncturation 
fairly strong, fairly close, even ; pubescence short, scanty, greyish. 

I^utellum with fairly close and fine puncturation. 

Abdomen smooth, shining, very scarcely and very finely punctured, a httle more at the 
bases of the segments than at the apices ; pubescence scarce, greyish. 

Legs with the anterior tarsi very slightly dilated in both sexes ; anterior tibiae strongly 
pubescent, with two short, black spurs on basal half of the anterior outer edge, about 
eight on posterior outer edge, two on posterior inner edge ; apical spurs reddish, the anterior 
spur much longer than the posterior ; intermediate and posterior tibiae closely pubescent 
with rows of four or five long black spurs on the edges, posterior apical spur longer than 
the anterior spur on each ; posterior tarsi shorter than the tibiae, with first segment fairly 
long, equal to the fifth, slightly longer than second and third together, but shorter than 
the second, third and fourth together. 

Length : 15 mm. 

Male : Aodeagus, figs. 46, 47. 

Type, male, S. Rhodesia : Vumbu Mts., alt. 5700 ft., ii. 1926. 

Type, female, 8. Rhodesia : Cloudlands, Vumbu Mts., alt. 6000 ft., iv. 1923. 
Types in the Rhodesian Museum. 

28. P. aethiops Bernhauer. 

Bemhauer, 1915, Ann, Mus. nat. Hung, 18 : 137. 

The aedeagus possesses an unusual form of paramere, which is widely 
dilated in the apical portion, like so many other species, but is produced at the 
apex into an exceptionally long point. The pegs appear to be few in number 
and arranged at intervals along the outer margins anterior to the widest part 
of the paramere. Viewed laterally the paramere is narrowed in a curve on its 
inner face to a slender point. (Figs. 48, 49.) 

Section B, 

Having included the larger black species in Section A, the present section 
contains mostly small or moderate sized species. 

1 . Elytra entirely red ; size moderately large, about 12 mm. 29 rhodesiae sp. n. 

Elytra not entirely red 2. 

2. Elytra red, with suture and a longitudinal lateral stripe dark 

30. praetor sp n. 

Elytra black, with an oblique red stripe on each 3. 

Elytra otherwise coloured 4. 

3. Elytra dilated behind, wider than thorax ; basal segments of abdomen 

“ sat dense ” punctured vithger Fauvel, 

Elytra widest in middle, narrowed before and behind, not appreciably 
wider than thorax ; abdomen almost smooth . .31. rubrovittatus sp. n. 

4. Elytra blue or blue-green or green-bronze 5. 

Elytra otherwise coloured 7. 

5. Elytra dark green-bronze ; legs yellow ; thorax long and narrow 

m otoensis Oa inei on . 

Elytra blue or blue-green 6. 

6. Elytra metallic blue-green ; femora brown ; thorax broader in pro- 

portion to elytra 32. uelemis Bernhauer. 

Elytra dark metallic blue ; femora black ; thorax narrower in pro- 
portion to elytra 33. paederomimits Eppelsheim. 
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7. Thorax, elytra and abdomen brown 8. 

Insect otherwise coloured 9. 

8. Head black • 34. volvulus Bernhauer. 

Head brown 35. rufescens Bernhauer. 

9. Head strongly and closely punctured over the whole basal area, a large 

space on vertex only smooth 36. cribricephalicus sp. n. 

Head normally punctured 10. 

10. Anterior tibiae with large strongly hooked spur at apex 

37. unguicularis sp. n. 

Anterior tibiae with normal spurs 11. 

11. Elytra with apical part broadly testaceous or reddish 12. 

Elytra otherwise coloured 13. 

12. Size larger, 8 mm., broader ; anterior angles of thorax upturned and 

broad ; elytra transverse, strongly and diffusely punctured ; abdo> 
men finely and diffusely punctured . . .38. bicoloripennis Bernhauer. 

Size smaller, 5 mm., narrower ; anterior angles of thorax not marked, 
deflexed ; elytra longer than broad, moderately finely and mode- 
rately closely punctured ; abdomen very closely and very finely 
punctured 39. kashituensis sp. n. 

13. Elytra with the apical external angles broadly pale testaceous ; size 

very small, 4 mm 40. clambus sp. n. 

Ellytra otherwise coloured 14. 

14. Abdomen quite or very nearly impunctate 15. 

Abdomen rather closely or very closely punctured 17. 

15. Head transverse oval ; antennal segments distinctly long(^r than 

broad ; thorax wider ; paramere with long tooth-like pegs inclined 
outwardly along the apical margins of inner face 41. rudipennis Pauvel. 
Head roumied, not transverse ; penultimate antennal segments not or 

scarcely longer than broad ; thorax narrower 16. 

16. First segment of ant(;nnae light ; legs light, tibiae slightly infuscate ; 

abdomen iridescent 42.» iridescens sp. n. 

First segment of antennae black ; legs dark, very infus(^at<* ; abdomen 

l)lack parciventris Bernhauer. 

17. Elytra with sides, a})ical margins and suture narrowly testaceous . 18. 

Elytra otherwise coloured 20. 

18. Size much larger, 10 mm. ; head strongly transverse ; suture of elytra 

broadly nnldish testaceous (aj)ical margins and sides also distinctly 
testaceous) ; puncturation of elytra much stronger and more sparing 

43. cinctus Fauvel. 

Size small<*r, 7 mm. or less ; head not or only a little transversi^ ; tes- 
taceous border v(»ry narrow ; puncturation of elytra much closer and 
finer 19. 

19. Head not or scarcely transverse ; elytra brownish bla(;k, more sparingly 

and less finely punctured ; abdomen not iridescent, less closely and 

less finely punctured 44. 'warginipennis Wollaston. 

Head transverse ; elytra with a distinct greenish tint, more closely and 
more finely punctured ; abdomen iridescent, more closely and 
more finely punctured 45. parvicornis Fauvel. 

20. Size larger, 8 mm. ; elytra more or less shining ; abdomen shining ; 

aiitminae dark, first segment lighter beneath . somiliensis Eppelsheim. 
Size smaller, 6*5 mm. ; elytra and abdomen duller ; antennae with 

basal segments lighter 46. rohusticornis Bernhauer. 


(N.B . — This key covers a little over half the known species in the group.) 
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29. P. rhodesiae sp. n. 

Distinct by reason of its fairly large size, red elytra and compact build. 

Black ; elytra red ; antennae, mouth parts and legs pitchy red. 

Head broader than long (6:4); front shghtly rounded ; sides straight, almost parallel ; 
eyes occuj)ying a little more than half the sides of the head ; posterior angles broadly 
rounded ; a slight depression between the eyes ; median pair of interocular punctures 
more than twice as distant from one another as from the marginal puncture of the eye ; 
an oblique row of three equidistant j)unctures on each side of the head between the hind 
margin of the eye and the neck. 

Antennae with the first segment short ; second about two-thirds the length of the 
first ; third as long as the second ; fourth to tenth transverse, the fourth scarcely, the 
tenth strongly so (about twice as broad as long). 

Thorax quadrate ; anterior margin truncate ; anterior angles rectangularly rounded, 
explanate ; sides slightly sinuate and convex anteriorly, parallel in the basal half ; posterior 
angles rounded with the base. Discal series consisting of four moderate i)uncture8 equi- 
distant from one another except the fourth, which is a little nearer ; laterally with the 
usual punctures. 

Scutellum moderately closely and finely punctured. 

Elytra quadrate, shghtly wider than the thorax, moderately closely, finely and shallowly 
punctured ; pubescence scanty, yellowish. 

Abdomen very closely and finely punctured throughout and dull, except the last 
segmerd, which is moderately and sparsely punctured and shining. 

Posterior tarai with the first segment equal to the second and third together, barely 
as long as the fifth. 

Lemgth : 12 mm. 

Male : Anterior tarsi dilated ; eighth sternite broadly, triangularly excised on its 
a])ical margin, the apical part of the triangle with a membrane. 

The aedeagus, figs. 50, 51, is distinct. The rncHlian lobe is strongly narrowed and pointed 
at the apex ; the paramcre is furcate, with the two branches approaching one another 
apically ; the pegs appear to be few in numl)er and arranged in a row along the iimer margin 
of ca(;h branch at the apex. 

N.W. Rhodesia : Kashitu, N. of Broken Hill, ii.l915 {H, C. Dolbmn), 
Type and a numl>er of other specimens from the same locality in the British 
Museum (Natural History). 


30. P. praetor sp. n. 

It is with some hesitation that I describe this insect as a new species. It 
would appear to be very closely related to usa7nbarims Bemhauer, judging 
from the description of that species, differing in a few minor points. The 
elytra of praetor, however, can certainly not be described as “ hell rbtlichgelb ” ; 
also Jhimhauer, although he was describing a male, failed to figure or even 
mention the aedeagus. Less confusion will be caused by describing it as new 
than by making a mistaken guess as to its identity with Bernhauer’s species. 

Amongst the four-punctate 8|)ecie8, easily recognized by the ct)Iour of the elytra. 

Black ; elvtra dark brownish red, with the sutural region and a lattjral patch on each 
elytron black ; t.he sutural dark mark is in the form of a triangle, whose base extends along 
the bases of the elytra and whose api^x reaches the apical end of the suture ; eatdi lateral 
j>atch of black is parallel to the lateral margin of the elytron, extending from almost the 
ai)ex to about two-thirds the length of the elytron to the shoulder, and also extending 
laterally on the reflexed portion but not quite r^^aching its margin ; the antennae are 
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black, with the first two segments brownish ; femora and tarsi reddish testaceous ; abdo- 
men a little iridescent and with the apical margins of tergite 6 narrowly and 7 and 8 
broadly reddish brown. 

Head transveiee oval, very flatly rounded in front, sides behind eyes feebly convergent 
posteriorly, posterior angles very obtusely rounded; eyes about equal to the lateral 
margins of the head behind the eyes, measured to the bristle. Antennae a little shorter 
than head and thorax together ; third segment longer than second, fourth and fifth dis- 
tinctly longer than broad, fourth to tenth decreasing in length, the tenth being feebly 
transverse, eleventh shorter than the two preceding together ; segments four to ten not 
increasing in width. The inter-ocular punctures are very widely distant from one another, 
each being rather close to the anterior marginal puncture of the eye ; two other punctures 
close to the margin of the eye near its inner hind angle ; a few other scattered punctures 
in the postocular region. 

Thorax slightly transverse, with all the angles obtusely roimded ; in front as wide as 
the head, behind considerably wider, sides very feebly rounded. Discal series each con- 
sisting of four punctures, of which the first is distinctly more external than the rest, and 
the second and third are more widely distant from each other than from one and four ; 
usual lateral punctures feeble. 

Scutellum fairly closely and moderately strongly punctured. 

Elytra slightly wider than the thorax at its greatest breadth, together broader than 
long ; rather evenly, closely, moderately strongly punctured ; pubescence short. 

Abdomen smooth and shining with very fine and sparing puncturation, especially at 
the bases and central regions of each segment ; the punctun^s show a tendency to fall into 
two or three transverse rows on each segment, one close to apical margin, the other one or 
two across the middle ; tergite eight is much more evenly, though equally finely but more 
sparingly punctured throughout. 

Legs with the tarsi rather short, the posterior tarsus shorter than the tibiae, with the 
first segment longer than the fifth and about equal to the second and third together. 

Length : 9 ram. 

3Iale : Eighth stemite triangularly, not very deeply emarginate ; aedeagus, see figs. 
52, 53. 

Type, unique male, S Rhodesia : Bulawayo, 28 . xii . 1924, in my collection. 

31. P. rubrovittatus sp. n. 

Black ; mouth parts brown ; thorax brownish black ; each elytron with a large red 
fascia extending obliquely from the shoulder to the inner apical angle ; abdomen rather 
iridescent, sliining ; legs reddish brown, tibiae a little darker. 

Head a little broader than long (5 : 5*4) ; front considerably j^roduced and rounded ; 
eyes ver}*^ flat, longer than the side of the head behind the eye (16 : 11) ; sides very feebly 
rounded, almost parallel, then strongly convergent and straight from the bristle to the 
neck ; base broad, straight. Median interocular punctures very small, very widely 
distant from one another, and very near the marginal punctures of the eyes ; a few similar 
punctures in the postocular region ; ground sculpture very close and fine, transverse. 

Antermao shorter than the head and thorax together ; third segment a little longer than 
the second ; fourth about half as long again as broad ; fourth to tenth decreasing in 
length, tenth quadrate ; eleventh much longer than the tenth ; none of the segments 
transverse. 

Thorax distinctly wider than the head, about half as long as broad ; truncate 
in front ; anterior angles depressed, rather prominently rounded ; sides nearly straight, 
divergent posteriorly ; base broader than the ajiex (7'5 : 6*3) ; posterior angles widely 
rounded with the base. Discal series each consisting of four equidistant, widely spaced, 
small punctures. 

Scutellum finely, not closely, punctured. 



821 


ike gSntu Pi^on^t (Otieoplera) 

Elytra in the middle a little wider than the thorax (8 : 7 *5) and about as long, together 
wider than long (8 : 7*5), at base distinctly narrower than the thorax ; rather closely, 
moderately finely and asperately punctured. 

Abdomen almost smooth, with a few fine setiferous punctures transversely placed on 
each segment. 

Posterior tarsi long, first segment about equal to the fifth, and equal to the second and 
third together. 

Length : 9 mm. 

Type, unique, female, in the Mus6e du Congo Beige. Kivu : Lulenga, 
14. xi. 1925 (Dr. H. Schouteden). 

This species is very like the description of P. vittiger Fauvcl, but in that 
species the el}rtra are said to be wider than the thorax, somewhat dilated from 
base to apex, whereas in the new species they are at base narrower than the 
thorax, nearly parallel-sided, slightly rounded, widened from base to middle 
and then distinctly narrowed to apex. P. vittiger is described as having the 
basal segments of the abdomen ‘‘ sat dense ” punctured, whereas in rvibro- 
vittaUis they are almost smooth like the rest of the abdomen. 

32. P. uelensis Bernhauer. 

Bemhauer, 1928, Wien ent. Zig. 46 : 112. 

The aedeagus of this species is very distinct by the form of the paramere, 
which in the lateral view appears to have a large hooked apical portion (fig. 64) 
and in the upper view is very widely dilated m the apical region (fig. 55). In 
the latter respect it somewhat recalls the paramere of condmstvs Fauvel (fig. 92). 

According to Bemhauer the species is closely related to P. bottegoi Eppel- 
sheim (1895, Ann. Mus. stor. nat. Genova 35 : 207), but is smaller and more 
slender, with smaller and narrower head, and longer and narrower thorax. 
The head and thorax also are quite black, instead of being iridescent (“ sericeo- 
submicantibus ”) as in bottegoi. 

33. P. paederomimus Eppelsheim. 

Eppelsheim, 1895, Ann. Mus. ator. nat. Oenova 85 : 206. 

Apart from its paederoid appearance, this species is remarkable for the 
structure of the aedeagus. The paramere, viewed laterally, is abmptly narrowed 
for the apical half, the outer margin being continuous and nearly straight, the 
imier margin being sharply bent away from the median lobe at about the middle. 
Viewed from above, or from its inner face, there is a distinct angular widening 
near the middle, which appears to have a dark ridge across its widest part. 
So far as I can make out, this ridge is formed by a row of contiguous pegs. There 
are no pegs near the apex. (See figs. 56-58.) 

34. P. volvulus Bernhauer. 

Bemhauer, 1932, Rev. Zool.-Bot. afr. 22 : 151. 

The only specimen I have seen of this species appeared to be rather immature ; 
the paramere in this specimen was asymmetrical and furcate. In the upper 
view of the aedeagus, the left fork of the paramere was distinct and studded 
with a few fine pegs near the apex on its inner margin, the right fork was ill- 
defined, but obviously smaller than the left and without pegs ; the outline of 
this part in the diagram must only be regarded as approximate. (Fig. 59). 
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36. P. Tufescens Bernhauer. 

Bemhauer, 1916, Ergebn, Hamburg. D.8.W. Afr. Stud. Retae 7 : 319. 

This species, which may be known by its more or less uniform brown colour 
and small size, differs from the previous species in not having a black head, and 
in the very different form of the aedeagus. The paramere is relatively long, 



Figs. 54-65. — (54) P. uelensn Bernhauer. AedeaguK, lateral view. (55) P. uelemia. 
Aedeagus, upjiei view. (5b) P. paederomimm Eppelsheim Aedeagus, lateral view. 
(57) P. paederonumu^. Aedeagus, upper view. (58) P. paederomimua. Paramere, mnei 
face (59) P. volvulus Bernhauer. Aedeagus, upper view. (60) P. rufeatens Bem- 
hauer. Aedeagus, upper view, (bl) P. rvfescena. Aedeagus, lateral view. (62) P 
iribritephahcus sp. n. Aedeagus, lateral \iew. (63) P. cribncephaltcua. Aedeagus, 
showmg paramere outer face (N B. the median lobe is twisted and shows more or 
less lateral vie^.) (64) P. hicohripennis Bemhauer. Aedeagus, upper view. (65) P. 
kashituerma sp. n. Aedeagus, upper view. 
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nearly as broad as the median lobe for the greater part of its length, a little 
broader at its extreme apex ; its apical margin is emarginate in a broad curve. 
It somewhat recalls the aedeagus of the European P. fimetarius Gravenhorst. 
(Figs. 60, 61.) 

36. P. cribricephalicus sp. n. 

In the British Museum this species stands over the name cribriceps Bem- 
hauer, which is apparently a manuscript name, and cannot be applied to the 
present species, since Bemhauer has already described a South American 
species imder this name (1921, Wien ent, Ztg, 38 : 105). 

Pitchy ; elytra with a green metallic tint ; legs testaceous, with margin of tibiae infus- 
cate ; palpi brownish testaceous ; antennae black with the second and third segments 
rather brownish and with the first and eleventh segments brownish testaceous. 

Head broader than long, widest in front ; very little produced in front of the eyes ; 
eyes small, occupying not more than half the sides of the head ; sides nearly straight, con- 
vergent posteriorly ; posterior angles obtusely rounded ; base straight ; slightly depressed 
on the vortex ; median interocular punctures nearly as close to each other as to the 
marginal pair ; the whole of the region between them and the eye, the postocular region 
and the basal region moderately and distinctly punctured, leaving only a very small smooth 
space in the middle of the head. 

Antennae long and slender ; all the segments longer than broad ; third segment a 
little longer than the second ; fourth nearly twice as long as broad ; fifth to tenth decreas- 
ing in length, but the tenth still distinctly longer than broad ; eleventh short, about equal 
to the seventh. 

Thorax much longer than the head and much longer than broad ; narrower than the 
head ; widest in front, narrow^ behind, rather cordate ; anterior margin slightly rounded, 
anterior angles obtusely rounded ; sides nearly straight, slightly sinuate in basal half ; 
posterior angles obtusely rounded ; base feebly rounded. Discal series consisting of four 
moderate, equidistant, widely spaced punctures ; five other lateral punctures in addition 
to the usual marginal })unctures. 

Scutellum more closely and finely punctured than the elytra. 

Elytra as long as the thorax, wider than long, much wider than the thorax ; punctura- 
tion close and fine ; pubescence fine, grey. 

Abdomen more finely punctured than the elytra, and more sparsely, especially at the 
apex of each segment. 

Logs long and slender ; posterior tarsi shorter than the tibiae ; first segment nearly 
equal to the fifth, as long as the three following together. 

Length : 7 mm. 

The lateral view of the aedeagus is shown in fig. 62 ; fig. 63 shows the 
median lobe more or less laterally, but shows the outline of the paramere as 
viewed from above. 

Hype in British Museum. Mashonaland : Salisbury (Marshall coll.); 
also from Natal : Frere (Marshall coll.) and Natal : Kloof, viii. 1926, 1500 ft. 
(R, E, Turner), 

37. P. unguicularis sp. n. 

A medium -sized, parallel-sided, depressed species, somewhat of the build of P, tecU 
angulus Sharp, remarkable by the strongly hooked apical spur of the anterior tibiae. 

Black ; palpi and legs red ; antennae red except for the middle segments which are 
fuscous ; last segment of abdomen and the apical margin of the preceding one lighter ; 
head and thorax shining, elytra and abdomen less so. 

Head large, transverse, considerably produced and rounded in front ; sides behind the 
eyes parallel, about equal in length to the longitudinal diameter of the eye ; posterior. 

TRANS. R. ENT. SOC. LOND. 100. PART 12. (dEC. 1949.) 16 
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angles rounded, slightly obtuse, almost right angles ; basal margin straight. There is a 
large, very deep, circular depression near the front margin, but since this is situated in the 
unique type distinctly to the left side, it is impossible to say to what extent this depression 
is normal. A row of five or six punctures against the inner margin of the eye. The 
median interocular punctures are as close to one another as to the margin of the eye. A 
number of large punctures in the posterior angles of the head and along the posterior 
margin. There are also numerous distinct but small and fine pimctures scattered all over 
the sur&oe of the head. 

Maxillary palpi with the apical segment much longer than the preceding, straight on 
the outer margin, strongly narrowed in a curve on the inner margin, acuminate at the apex. 

Labial palpi with the last segment very large and long, oval. 

Antennae with all the segments as long as or longer than broad ; second half the length 
of the first ; third longer than second ; fourth distinctly longer than broad ; fifth to 
tenth decreasing in length, the ninth and tenth being quadrate; eleventh short, but 
longer than broad, globular, but little acuminate. 

Thorax broader than the head (female), considerably longer than broad, parallel-sided, 
ipunded in front and behind, all the angles broadly and evenly rounded. The left discal 
aeries consists of four widely spaced punctures, in which the second and third are more 
widely spaced than the others ; the right discal series has the third puncture missing ; 
several other punctures towards the sides in front in addition to the usual marginal pun- 
tures. Like the head, the thorax is covered with small scattered punctures. 

SouteUum fairly smooth, with several moderate punctures. 

Elytra about as long and broad as the thorax, very closely, deeply and evenly punctured. 

Abdomen moderately closely and moderately strongly punctured at the base, but 
much less strongly than the elytra ; the punctures become finer and more sparing towards 
the apex ; pubescence scanty, short and brownish. 

Legs slender, tibiae scantily pubescent with a few small slender spines ; apical spurs 
very short ; anterior tibiae with the outer spur very long and strongly hooked : the 
anterior tibiae short and strongly dilated. Tarsi long and slender ; anterior tarsi slightly 
longer than the tibiae, squamose beneath ; intermediate tarsi distinctly longer than the 
tibiae ; posterior tarsi about equal to the tibiae ; basal segment in all the tibiae about 
equal to the last, but less than the other three segments together. * 

Length : 10 mm. 

Type, unique, female, Equateur : Flandria, iii-iv.l929 {R, P. Hulstaert), 
in the Mus6e du Congo Beige. 

38. P, hicoloripennis Bernhauer. 

Bemhauer, 1916, Verh. zooh~hot, Oes, Wien 66 : 302. 

This species, for which Bemhauer created a new subgenus, Ps&ijdophilon- 
thus, on account of the form of the sidelines of the thorax and of the temples, 
also has an abnormal aedeagus, as may be seen from fig. 64. The paramere, 
directed to the right side of the median lobe (viewed from above) is reminiscent 
of the paramere of P. longicornis Stephens and its allies, but differs in being 
broad for the greater part of its length ; the apical portion of the median lobe, 
also, is entirely different. 

39. P. kashituensis sp. n. 

The build of P. ochripennis Cameron, but very much smaller and differently 
coloured. 

Head black ; thorax brownish black ; el 3 rtra testaceous, with the basal margin, scutel- 
lary region and suture dark brown ; abdomen blackish, rather dull, with the apical margins 
of the segments (especially the apical segments) reddish brown ; mouth parts reddish 
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brown ; antennae pitchy with the eleventh and the first three segments testaceous ; legs 
testaceous^ of the same colour as the elytra. 

Head oval, broader than long (3*7 : 3), very flatly rounded in front ; sides feebly 
rounded, parallel, then very obtusely rounded to the neck ; base feebly concave ; eyes 
large, more than twice as long as the sides behind the eyes measured to the bristle (8:3); 
median interocular punctures widely distant from one another, three times as far apart 
as they are distant from the marginal punctures of the eyes ; another pair of punctures, 
still more widely distant from one another and closer to another distinct marginal puncture 
of the eye, situated about two-thirds the length of the eye ; several distinct punctures in 
the postocular region. 

Antennae short and stout, about as long as head and thorax together ; second and third 
segments nearly equal, not much shorter than the first ; fourth to tenth increasing gradu- 
ally in width, all strongly transverse ; eleventh about as long as the two preceding to- 
gether. 

Thorax as wide as the head, quadrate, about as long as broad ; anterior margin trun- 
cate ; anterior angles rectangular ; sides straight, almost parallel, very feebly divergent 
posteriorly ; posterior angles very broadly rounded with the base. Discal series consist- 
ing of four moderate, nearly equidistant punctures, the first two being closer together 
and the second two wider apart than the last two ; lateraUy with five other punctures ; 
ground sculpture rather strong, very oblique, but less so, and less regular in direction than 
the ground sculpture of the head., 

Scutellum finely, not closely, punctured. 

Elytra as long as wide, a little wider than the thorax, parallel-sided ; puncturation 
only moderately close and fine, a little closer, stronger and more irregular in the posterior 
angles ; pubescence short, light. 

Abdomen very finely and closely punctured and pubescent. 

Legs short ; posterior tarsi as long as the tibiae ; first segment as long as the fifth, and 
about equal to the second and third together. 

Length : 6-5 mm. 

N.W. Rhodesia: Kasliitu, 25.iii.1915 (H, C. Dollnmn), 

Type and seven other specimens from the same locality in the British 
Museum (Natural History). 

I have retained Bemhauer’s MS. name for this species, but I have seen 
another specimen of the same species in the Belgian Congo Museum, which was 
submitted to me without a name, but which bore a label “ n. sp.” in what I 
believe to be Bemhauer’s handwriting. This specimen is from Haut-Uele : 
Moto, 1923 {L. Burgeon), 

There is nothing remarkable about the aedeagus, fig. 65, but it is interesting 
to note its general resemblance to such species as the European salinus Kiesen- 
wetter and some North American species, none of which are close allies of the 
present species. 

40. P. clambus sp. n. 

Black ; apical angles and reflexod margins of the elytra testaceous ; antennae black 
with the first segment brown ; legs brown, tarsi lighter. 

Head roundish, slightly transverse ; eyes flat, more than twice the length of the lateral 
margins of the head behind the eyes (measured to the bristle) (12:5); front feebly rounded ; 
sides beliind eyes nearly straight and parallel as far as the bristle, then strongly rounded 
to the neck. 

Antennae short ; third segment nearly as long as the second, about two-thirds the 
length of the first ; fourth a little longer than broad ; fifth as long as broad ; sixth to tenth 
transverse ; eleventh shorter than the two preceding together ; segments five to ten, of 
about equal width. 
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Thorax in front as wide as the head, considerably widened behind ; anterior margin 
truncate ; anterior angles obtusely rounded ; sides nearly straight ; posterior angles 
rounded with the base in a big curve ; dorsal series consisting of four fairly strong, equi- 
distant pimctures ; laterally with two punctures in an oblique line on each side, and one 
in each anterior angle. 

Elytra scarcely wider than the thorax, broader than long (9:7); apical angles slightly 
dilated ; puncturation moderately fine, irregular ; pubescence long and fine. 

Abdomen closely, finely punctured and pubescent. 

Posterior tarsi with the first segment a little shorter than the fifth, which is about equal 
to the second and third together. 

Length : 4 mm. 

Male ; The form of the aedeagus is shown in figs. 66, 67. 

Type, unique, S. Rhodesia (R. H. R. Stevenson), in my collection. 

41. P. rudipennis Fauvel. 

Fauvol, 1907, Rev, EnL 26 : 41. 

The specimen from which the figures of the aedeagus are drawn is in the 
British Museum and bears a label “ rudipennis Fauv. var ? The paramere 
is unlike that of any other species known to me, by reason of the very large 
tooth-like pegs which stand out, being outwardly directed, and are visible when 
the aedeagus is viewed from above, as well as when viewed laterally. (Figs. 68, 
69.) 

42. P. iridescens sp. n. 

Black, very shining ; abdomen with a strong blue-violet reflection at th(‘ sides ; antennae 
black with the first segment and base of the second brown ; legs light brown , with anterior 
and middle tibiae infuscate. 

Head round, as long as broad ; front a little produced and flat in the centre ; sides 
behind eyes rounded to base ; base concave ; eyes occupying about half the sides of the 
head ; a small circular depression on the vertex a little behind the antennae ; three punc- 
tures along the iimer margin of each eye ; interocular punctures very close to the first 
of these ; very few small punctures in the postocular region. 

Antennae scarcely reaching base of thorax, and scarcely thickened towards ai>ex ; 
setjond segment as long as the third ; fourth to tenth decreasing in length ; fourth to 
seventh longer than broad ; eighth quadrate ; ninth and tenth feebly transverse ; eleventh 
moderate. 

Thorax anteriorly as wide as head, much widened behind, longer than broad ; anterior 
margin truncate ; sides nearly straight ; posterior angles forming a large continuous curve 
with the base ; discal series each consisting of four moderately large, shallow pmicturos ; 
lateral series of two placed obliquely, and two others in the anterior angle. 

Scu tell urn moderately and closely punctured towards the apex. 

Elytra not wider than the thorax, parallel-sided, longer than broad ; very strongly 
and closely punctured ; putrescence light, scanty. 

Abdomen very finely and very diffusely punctured, almost smooth ; pubescence scanty, 
long, light. 

Posterior tarsi with the first segment a little longer than the fifth, about equal to the 
second and third together. 

Length : 8 mm. 

ZuLULAND : Eshowe, 1-22. vi. 1926 (R, E, Turner), type in the British 
Museum (Natural History). Another specimen from the same locality, 
vii.1926. 
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Figs. 66-75. — (66) P. clambus sp. n. Aedeagus, lateral view. (67) P. clarnbus, Aedeagus, 
upper view. (68) P. rudipennis Fauvel. Aedeagus, upper view. (69) P. rudipennis* 
Aedeagus, lateral view. (70) P. cinctus Fauvel. Aedeagus, lateral view. (71) P. 
cinctm. Aedeagus, upper view. (72) P. cinctus, Paramere, inner face. (73) P. 
marginipennis Wollaston. Apex of median lobe, upper face. (74) P. rnarginipennis. 
Apex of median lobe, lateral view. (75) P. marginipennis, Paramere, inner face. 
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43. P. einctus Fauvel. 

Fauvel, 1905, Eev, EnU 24 ; 140. 

The most noticeable feature about the aedeagus of this species is the long, 
deeply divided paramere. The pegs, judging from the single specimen examined, 
are closer at the apex, where they are in double rows and become much more 
widely spaced and irregular further down each prong of the paramere. (Figs. 
70-72.) 

44. P. marginipennis Wollaston. 

Wollaston, 1867, Col, Hesperid . : 236. 

The aedeagus is characterized by the outwardly bent hooked apex of the 
median lobe (viewed laterally) (fig. 74), by the median lobe being prolonged and 
narrowed at the apex (viewed from above) (fig. 73) and by the broad furcate 
paramere on which the pegs are situated below the furcation in two rows close 
to the outer margins, there being five pegs in each row (fig. 76) ; the exact 
number of pegs probably varies somewhat. 

45. P. parvicornis Fauvel. 

Fauvel, 1907, Rev, Ent, 26 ; 40. 

The aedeagus of this species is very typical in form ; however, the apex of 
the median lobe is rather musually narrowed in the lateral view, and the para- 
mere has a very long row of pegs on each of its outer margins in the apical 
portion ; the paramere is also a little constricted and then widened towards 
the base. (Figs. 76-78.) 

46. P. robusticornis Bemhauer. 

Bomhauer, 1916, Ann, Mus, not. Hung, 13 : 137. 

The aedeagus is shown in figs. 79, 80. The median lobe is very long and 
slender at the apex when viewed laterally, the paramere is sjiort and narrowed 
apically, and the apical portion is furcate for about half its length. Each 
branch of the fork bears a few pegs on the inner face at the extreme apex. 

Group 4. — Discal Series of Thorax Each Consisting of Five Punctures, 

This group contains about 60 African species, including those newly described 
in this paper. Amongst them-are found a number of species which are closely 
related, difficult to distinguish from one another, and at present in a state of 
confusion. Firstly there is P. longicornis Stephens and its allies. These beetles, 
which from other characters might well be classed with P. varians Paykull 
and its allies, form a group by themselves because of the peculiar structure of 
the aedeagus. The paramere is slender and long and is asymmetrically directed 
towards the right side of the median lobe (viewed from above) ; it reaches the 
edge of the median lobe some little distance before the apex. The median 
lobe is flat, dilated apically and more or less rounded at the apex. Several 
species have been described from various parts of the African continent, and 
they differ from one another but slightly, some of the differences being colour 
of elytra, of legs or of basal segments of the antennae. In view of the fact 
that the aedeagus differs but little, or not at all, in these species, it may well 
be that some of them are only colour variations or local races. On the other 
hand, there is the possibility that in this group the aedeagus fails to be a character 
by which the species can be separated. It would be necessary to examine 
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Figs. 76-86. — (76) P. parvicomis Fauvel. Apex of aedeagus, upper view. (77) P. parvi- 
camia. Apex of median lobe, lateral view. (78) P. parvicomis, Paramero, inner 
face. (79) P. robusticomis Bemhauer. Aedeagus, lateral view. (80) P. robtisHcomis, 
Aedeagus, upper view. (81) P. hospea Erichson. Apex of aedeagus, lateral view. 
(82) P. hospea. Apex of aedeagus, upper view. (83) P. cupreoniicna Eppelsheim. 
Aedeagus, upper view, (84) P. cupreonitens, Aedeagus, lateral view. (86) P, megea 
sp. n. Apex of aedeagus, lateral view. 
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a large amoimt of material from many different localities to be able to clear 
up the confusion in this group. Secondly, there is the xanthoraphis-dense- 
cavdatus group. This group, while being in quite as much confusion as the 
longicornis group, will probably be a much simpler one to straighten out if 
sufficient authenticated specimens could be examined, as the genitalia will 
probably be of considerable help. The differences between the species are, 
apart from the genitalia, mainly slight and comparative. As an example of 
the confusion amongst these species, I have seen three specimens of P. xantho- 
raphis Eppelsheim, one in the Belgian Congo Museum, unfortunately a female, 
which is quite probably correctly named ; two in the British Museum are two 
other species. One of these, a male, is certainly distinct from the Belgian 
Congo Museum specimen, but I have been unable to determine to what species 
it should be referred ; the second, also a male, is undoubtedly P. densecaudatus 
Bemhauer, with the type of which I have compared it and its aedeagus ; it 
bears a label in Bemhauer’s handwriting, “ P. xanthoraphu hlpp. major ? ”. 

Beyond figuring the aedeagus of a few of the species belonging to these two 
groups about which I have no doubt, I have omitted them entirely from this 
paper and from the key which follows. 

Even when these species have been omitted, there still remain many species 
which I have not seen, and consequently the key will be limited in its utility. 


Key to the b-pumtate Species, 

1. Elytra metallic 2. 

Elytra entirely or in part red, or black marked with red .... 3. 

Elytra more or less uniformly black or brownish (in a few smaller 

species brown, lighter towards apex) 8. 

2. Head very strongly transverse ; thorax transverse ; antennae and l(*g8 

dark 48. cupreomtem Eppelsheim. 

Head less transverse ; thorax longer than broad ; antennae and legs 
light 47. hospes Erichson. 

3. Elytra black with a red patch on disc of each ustus Fauvel. 

Elytra red, all the margins of each black 4. 

Elytra entirely red (or with suture narrowly black) 5. 

Elytra red with black at basal region 6. 

4. Elytra strongly and sparingly punctured ; abdominal segments closely 

and finely punctured at their bases, more sparingly at their apices ; 
antennal segments elongate . . . ustus Fauvel v. ustipenms Fauvel. 

Elytra more finely, sparingly punctured ; antennal segments shorter ; 
size smaller (12 mm.) 49. meges sp. n. 

5. Elytra entirely red ; head transverse ; facies of corruscus Gravenhorst 

50. ochripenuis Cameron. 

Elytra very narrowly red at suture ; head elongate, oval ; facies of 
varians Paykull 51. cumaeus sp. n, 

6. Elytra red, darker round scutellum ; antennal segments longer than 

broad ; elytra very finely and closely punctured . 52. comhustus Fauvel. 

Elytra red, black across the whole basal region 7. 

7. Antennae longer ; puncturation of elytra closer and finer 

53. sequens Bernhauer. 

Antennae shorter ; puncturation of elytra coarser and less close 

54. caffer Boheman. 
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8. Head with posterior angles prominent 55. mono Boheman. 

Head with posterior angles normal 9. 

9. Size larger (10 mm. or more) 10. 

Size smaller (less than 9 mm.) 11. 

Size very small (less than 5 mm.) 18. 


10. Elytra very finely and sparingly punctured ; form not narrow and 
parallel-sided ; penultimate segments of antennae not transverse ; 
elytra much wider than thorax 57. congoemsis Bernhauer. 

Elytra moderately strongly, less sparingly punctured ; form parallel- 
sided, narrow, facies of abyssinus Fauvel ; penultimate segments of 
antennae longer than broad ; elytra only a little wider than thorax 

58. trilobatus sp. n. 

Elytra very closely uniformly punctured ; head strongly transverse 
with marked posterior angles ; colour brownish with a crimson tint 


especially on thorax and elytra 59. caedator sp. n. 

11. Elytra testaceous, black around scutellum ... 65. marcescens sp. n. 

Elytra brownish, lighter towards base (length 5 mm.) 12. 

Elytra uniformly black or brownish 13. 

12. Posterior angles of head marked ; antennae lighter ; suture less 

markedly lighter ; abdomen more strongly and more sparingly 
punctured 62. fraxinatus sp. n. 


Posterior angles of head more rounded ; antennae darker ; suture more 
markedly lighter ; abdomen more finely and more closely punctured 

63. sinuatus sp. n. 

13* Head strongly transverse, with anterior margin broadly and markedly 

concave, with a large depression on vertex . . .56. marshalli sp. n. 


Head with normal anterior margin 14. 

14, Penultimate segments of antennae longer than broad 15. 

Penultimate segments of antennae not longer than broad .... 16. 


15. Thorax narrower, parallel-sided ; elytra closely and finely punctured 

guisquiliarius Gy 11 enh al . 

Thorax broader, widened behind ; elytra more strongly and more 

sparingly punctured 64. lissonurus sp. n. 

16. Scutellum, elytra and abdomen more sparingly punctured ; head 

quadrate ; tibiae light, feebly infuscate ... 60. dilutipes Fauvel. 

Scutellum, elytra and abdomeu more closely punctured .... 17. 

17. Head larger, posterior angles more rectangular ; antennal segments 

less transverse ; tibiae darker 61. sepilibilis sp. n. 

H(iad smaller, posterior angles more rounded ; antennal segments 

more transverse ; tibiae lighter vcntralis Gravenhorst. 


18. Elytra normally punctured 19. 

Elytra remotely punctured ; size very small 20. 

19. Antennae entirely testaceous ; elytra longer than broad 


67. tenuissimus sp. n. 

Antennae light only at base and extreme apex ; elytra broader than 

long 66. manyemae Bernhauer. 

20. Antennae dark ; elytra finely punctured ; thorax broader . 68. turneri sp. n. 
Antennae lighter ; elytra more coarsely punctured ; thorax narrower 

maritimus Motschulsky. 

47. P, hospes Erichson. 

Eriohson, 1843, Arch. Naturgesch. 9 (1) : 221. 

The aedeagus of this species is remarkable for the two horns which may be 
seen projecting beyond the apex of the median lobe in the upper view. In all 
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the specimens which I have examined these are constant ; they appear either 
to be part of the partially extruded internal sac, or else they are part of the 
lower face of the median lobe in the region from which the sac is evaginated ; 
it is not possible to tell exactly where they are situated in dried specimens, but 
they always show in exactly the same place. (Figs. 81, 82.) 

48. P. cupreonitens Eppelsheim. 

Eppelsheim, 1895, Dtsch, ent, Z. 1895 : 125. 

In this species the paramere is broadly furcate at the apex, the two branches 
of the fork reaching a little beyond the sides of the median lobe. The median 
lobe is bent upwards in the apical part from the base of the fork of the paramere, 
so that it protrudes between the branches. (Figs. 83, 84.) 

49. P. meges sp. n. 

In the short series of P. ustus Fauvel in the British Museum there is a speci- 
men bearing a label in Bemhauer’s handwriting “ P. ustus Fvl. var. This 
specimen is without doubt a different species ^m the others. In the colour 
of the elytra it agrees with Fauvel’s var. ustipennisy but other characters, such 
as puncturation and the structure of the antennae, are such that it is most 
unlikely that Fauvel, if he had had this insect before him, would have called it 
a variety of ustm. Assuming that the specimens of ustus in the British Museum 
and also a specimen in my own collection are the true ustus Fauvel, the specimen 
under consideration must be described as new, and I propose for it the name 
meges. 

The new species differs from ustus Fauvel in the following respects ; In build it is more 
slender ; the colour of the whole insect is lighter, the antennae being brown, lighter towards 
the apex and with the two basal segments much lighter and reddish ; the thorax and abdo> 
men are brownish ; the elytra are red with a narrow margin of black "along the base, lateral 
margins, apices and suture ; the legs are reddish with the tibiae infuscate. The antennal 
segments are very much longer than in ustusy all the segments being considerably longer 
than broad. The punctures of the head and thorax are a little weaker, the elytra am con- 
siderably more finely punctured and the abdomen much more finely punctured than in that 
species. The tarsi also are a little longer and more slender. 

1 have not seen the aodeagus of ustus ; that of meges is remarkable both for the form 
of the paramere and for the shape of the median lobe. The median lobe terminates in a 
very large, sharply pointed hook ; the paramere is deeply divided down the middle into 
two broad lobes, which are closely studded with pegs. As far as I could judge from the 
single specimen examined, the lobes do not lie fiat, as in fig. 86, but are rather bent round 
to envelop the sides of the median lobe. (Figs. 85, 86.) 

Length ; 12 mm. 

T)rpe, male, Abyssikia : Mt. ZuquAla, circa 9000 ft., 22.x. 1926 (Dr. H. 
Scott) y in the British Museum (Natural History). 

60. P. ochripennis Cameron. 

Cameron, 1929, Rev. Zool.-Bot. afr. 18 : 63. 

The general form of the aedeagus of this species is similar to that of cupreo- 
nitens Eppelsheim. It differs, however, in a number of respects in the contours 
of the median lobe and the paramere, as may be seen from the figures. (Figs. 
87, 88.) 
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51. P. cumaeus sp. n. 

Size and general build of P. varians PaykuU, from which it may be distinguished at a 
glance by the colour of the elytra and by the form of the aedeagus. 

Black, with the elytra brownish red, narrowly and obscurely darkened at the suture ; 
base of second segment of the antennae rufous ; posterior femora dark brown, nearly 
black ; intermediate and posterior tarsi becoming lighter towards the apex ; all the claws 
pale reddish. 

Length : 9 mm. 

The new species differs also from mriana in the following respects ; head longer and 
narrower ; scutellum and elytra more sparingly punctured, abdomen also a little more 
sparingly punctured. 

As may be seen from figs. 89, 90, the aedeagus differs considerably from that of variant 
and its allies. Not only k the median lobe much longer and more pointed than in varianSf 
but also the paramere is long, slender and acuminate, with pegs at the extreme apex ; it 
lacks the spoon>shaped dilation in the apical portion as seen in variant, etc. 

Type, unique, male, S. Rhodesia : Mt. Selinda, xi-xii . 1930, in my collection. 

62, P. combustus FauveL 

Not only is there a close similarity between this and the two following 
species in general appearance, but also the aedeagus is of the same general 
form in all three, but yet with striking distinctions. The paramere is broadly 
dilated in the apical portion ; it is not as broad as the median lobe, in which 
respect it resembles sequens Bemhauer and Schubert, but it is very much 
broader than in that species. (Figs. 91, 92.') 

63. P. sequens Bemhauer and Schubert. 

Bemhauer and Schubert, 1914, in Junk : CaJt, Col. (Staph.) 67 : 365 nom. iiov. 

= P. imitator Fauvol, 1907, Rev. Ent. 26 ; 44. 

The aedeagus resembles that of the previous species, but the median lobe 
is flatly rounded at the apex instead of being produced as in that species, and 
the enlarged portion of the paramere is very much smaller and also briefly and 
narrowly furcate at the apex. (Fig. 93.) 

54. P. caffer Boheman. 

Boheman, 1848, Ins. Caffr. 1 : 280. 

The aedeagus resembles that of P. sequens Bemhauer and Schubert in 
having a furcate, broadened apical portion to the paramere, but this broadened 
portion is wider than in that species and than in P. cofnb^istus Fauvel, and 
differs from both in being wider than the median lobe. The median lobe is 
narrow and produced to a rounded point a little beyond the apex of the para- 
mere. In the upper view the greater part of the median lobe is concealed by 
the paramere (fig. 94). The apex of the paramere on its inner face is studded 
with numerous pegs, arranged in single rows more or less parallel to the outer 
margins of the fork, but becoming more scattered and irregular towards the 
widest part of the paramere. (Fig. 96). 

66. P. morio Boheman. 

Boheman, 1848, Ins, Caffr. 1 : 279, 

The aedeagus is very long and slender and has a very short paramere. The 
paramere is narrowly and deeply forked for about half of its length. At the 
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Figs. 86-94. — (86) P» meges sp. n. Apex of paramere, inner face. (87) P. ochripennis 
Cameron. Aedoagus, lateral view. (88) P. ochripennis, Aedeagus, upper view. 
(89) P. cumaeus sp. n. Aedeagus, lateral view. (90) P. curmeus. Apex of aedeagus, 
upper view. (91) P. comhnstus Fauvel. Aedeagus, lateral view. (92) P. combustus. 
Aedeagus, upper view. (93) P. sequens Bemhauer. Aedeagus, upper view. (94) P. 
caffer Boheman. Aedeagus, upper view. 
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extreme apex of each branch there are about fiT pegs arranged in two rows. 
(Figs. 96-98.) 

56. P* marshalli sp. n. 

Black ; head and thorax shining ; elytra and abdomen only slightly shining ; legs 
pitchy, femora lighter ; antennae with the first segment pitchy brown ; palpi pitchy brown. 

Head strongly transverse ; antennae inserted almost level with the front of the eye ; 
front between the antennae concave ; eyes flat ; sides behind eyes parallel ; longitudinal 
diameter of the eye as long as the side of the head behind eye ; posterior angles broadly 
rounded, then obhquely straight ; base straight ; vertex with large triangular depression, 
whose base extends between the bases of the antennae, and whose apex is between and 
behind the interocular punctures ; interocular punctures twice as distant from one 
another as from the marginal punctures of the eyes ; postocular region finely sprinkled 
with i)uncture8 ; two distinct larger punctures behind, on each side, between the eye and 
the neck, of which the posterior is quite close to the base of the head. 

Antennae as long as head and thorax, moderately stout, not thickened towards the 
a])ex ; third segment a little shorter than the second ; fourth to tenth transverse, but not 
strongly so. 

Thorax slightly narrower than the head ; sides parallel ; much longer than broad ; 
front margin straight ; anterior angles rectangularly rounded (viewed from above) ; 
posterior angles rounded with the base in a large curve ; sides feebly impressed anteriorly ; 
dorsal series each consisting of five moderate punctures, the three middle punctures being 
closer together than to the outer punctures, arranged much as in P, rectangulus Sharp, but 
the imnctures are much finer than in that sjiecios ; five fine punctures towards the anterior 
angles ; a distinct transverse ground sculpture on both head and thorax. 

Scutellum pubescent and punctured, much the same as the elytra. 

Elytra much broader than the thorax, about as long as the thorax ; broader than long ; 
closely, moderately, fairly deeply and rugosely punctured ; pubescence close and fine, 
short, greyish. 

Abdomen very finely and closely punctured, es])ecially at the base of each segment. 

Legs moderate, closely pubescent ; posterior tarsi as long as the tibiae ; first segment 
longer than the fifth, nearly as long as tlie three following together. 

Length : 8 mm. 

Male. : The aedeagus is shown in figs. 99, 100. 

Natal : Frere (Marshall coll.), type, unique male, in the British Museum 
(Natural History). 

57. P. congoensis Bernhauer. 

Bemhauer, 1928, Wien ent, Ztg, 45 : 110. 

In this species the paramere is broadly and deeply furcate, the branches 
reaching beyond the sides of the median lobe. The median lobe is broad ; at 
the apex it is rounded, but shortly and broadly produced in the centre (fig. 101 ). 
The aedeagus is very similar to that of pnrpiircephalicus sp. n., but differs in 
the longer fork of the paramere and in the less produced apex of the median 
lobe. 

58. P. trilobatus sp. n. 

In general appearance sometliing like P, abyssinns Fauvel, but easily distinguished 
from this by the five-punctate (fiscal series of the thorax, as well as by its less transverse 
head, stout mandibles, much more closely and more finely punctured abdomen, etc. 

Elongate, narrow', parallel-sided ; entirely black, abdomen with a slight iridescence, 
legs pitchy, antennae with the base of the second segment clear red. 

Head quadrate, scarcely broader than long (male, 20 : 19), flatly rounded in front of 
the eyes ; sides behind eyes parallel, longer than the longitudinal diameter of the eye 
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Pigs. 95-102. — (95) P. coffer Boheman. Paramere, inner face. (96) P. morio Boheman. 
Aedeagus, lateral view. (97) P. morio. Apex of median lobe, inner face. (98) P. 
mono. Apex of paramere, inner face. (99) P. marahaUi sp. n. Aedeagus, lateral 
view. (loO) P. rmrshaUi, Aedeagus, upper view. (101) P. congoenais Bemhauer. 
Aedeagus, upper view. (102) P. trilohatvs sp. n. Apex of aedeagus, upper view. 
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(7 : 5), then obtusely angled emd rounded to the neck ; base concave ; eyes fiat ; surface 
smooth and shining ; interocular punctures quite close to and slightly behind the antenor 
marginal pimctures of the eyes, very widely distant from one another ; three other strong 
punctures along the inner hind margin of each eye ; a strong puncture in the same relative 
position to the second of these as the interocular puncture bears to the anterior one, on 
each side ; about twelve other strong punctures on each side in the posterior portion of 
the head. 

Mandibles short, stout, strongly curved, with strong blunt tooth on inner margin. 

Antennae as long as head ai\d thorax together, moderately slender, all the segments 
longer than broad ; first segment stout at apex ; third only slightly longer than second, 
not much shorter than first ; fourth to sixth increasing in length, distinctly longer than 
broad ; sixth to tenth decreasing in length ; ninth and tenth only slightly longer than 
broad ; eleventh about equal to fifth, truncate at apex and slightly acuminate at one side. 

Thorax a little wider than head, parallebsided, a little longer than broad (25 : 22) ; 
anterior angles obtusely rounded ; anterior margin roundly produced ; posterior angles 
broadly rounded in even curve with the base. Surface smooth and shining ; dorsal series 
consisting of five moderate punctures ; the first four of these are evenly spaced, in the type 
specimen, the fifth is also evenly spaced in the right series, but further apart in the left ; 
the lateral series consists of four punctures, one near the anterior margin, one level with the 
third dorsal puncture, two others close together at a level behind the fourth dorsal, obliquely, 
the fifth dorsal is almost in Ime with these two ; two others towards the anterior angles 
between this series and the margin ; marginal punctures all along the base and sides. 

Scutellum fairly large, moderately strongly punctured except at base and margins. 

Elytra slightly wider than the thorax, at their greatest length as long as together 
broad ; moderately strongly and sparsely pimctured ; pubescence moderate, dark. 

Abdomen much more closely punctured than the elytra, punctures finer than on the 
elytra ; those on the basal segments as strong as on the scutellum ; the punctures becommg 
very fine on the apical segments. 

Legs short ; tibiae moderately spinose ; anterior tarsi strongly dilated in male ; inter- 
mediate and posterior tarsi about as long as the tibiae, with first segment slightly longer 
than fifth, equal to the second and third together. 

Underside ; head with an oblique row of obsolete punctures from the base of the man- 
dibles to the centre of the head near the base ; there is a distinct but shallow depression 
m the middle of this row ; metastemum distinctly, finely and sparsely punctured ; abdo- 
men punctured as above. 

Male : Eighth stemite broadly, triangularly excised in the apical margin. The 
aedeagus is short ; the median lobe is broad, strongly narrowed at the apex, where it is 
broadly rounded ; the paramere is nearly as long as the median lobe, deeply and narrowly 
furcate (figs. 102, 103). 

Length : 12 mm. 

Type, male, imique, Lubero, 23/24.viii.l932 (L. Burgeon), in the Mus4e 
du Congo Beige. 

59. P. caedator sp. n. 

Head and thorax iridescent purple and green ; elytra and abdomen pitchy ; antennae 
black with the apical segment reddish brown ; mouth parts and legs brovnish. 

Head (male) strongly transverse (14 : 11), very little produced in front of eyes, front 
straight ; sides straight, very slightly convergent behind eyes ; longitudinal diameter of 
eye about twice as long as sides behind eye ; posterior angles very obtuse and rounded ; 
base straight. Interocular punctures near the anterior marginal punctures of the eyes, 
but a little anterior to them, considerably distant from one another, almost as far apart 
as the bases of the antennae ; three punctures along the inner hind margin of the eye ; 
another, on each side, level with the first of these, behind the interocular puncture ; a 
few more punctures near the base at each side pi the head. 
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Figs. 103-110. — (103) P. <n7otowssp.n. Apex of median lobe, lateral view. (104) P.caedator 
sp. n. Aedeagus, lateral view. (105) P. cuedator, Aedeagus, upper view. (106) P. 
dilutipes Fauvel. Aedeagus, lateral view. (107) P. dilutipea. Apex of aedeagus, 
upper view. (108) P. sepilibilis sp. n. Aedeagus, upper view. (109) P. aepilibilia, 
Aedeagus, lateral view. (110) P. sinucktua sp. n. Aedeagus, upper view. 
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Mandibles long and slender, feebly toothed on inner margin* 

Antennae short and rather stout ; third segment a little longer than the second, much 
shorter than the first ; fourth to tenth slightly decreasing in length, fourth slightly trans- 
verse, tenth distinotly transverse ; eleventh on its longer side twice the length of the 
tenth. 

Thorax at anterior angles as wide as head, as wide as long ; anterior angles, viewed 
from above, almost rectangular ; sides straight and divergent for anterior half, strongly 
rounded in middle, slightly rounded behind ; posterior angles marked, very obtuse ; base 
rounded in a large curve. Dorsal series each consisting of five punctures, in a slightly 
arcuate row, the first four equidistant, the fifth a little more distant ; three lateral punc- 
tures make a straight line with the fifth discal to the anterior angle ; two others and the 
fourth discal make another line parallel with this ; marginal punctures minute and obsolete. 

Scutellum as broad 8bs long, finely punctured throughout as on the elytra. 

Elytra wider than thorax (9*5 : 7*2), widened behind, together wider at apex than their 
greatest length (9*6 : 8) ; very closely, evenly and finely punctured, with three longitu- 
dinal rows, one close to suture, and two on disc, of four small setiferous punctures. 

Abdominal punoturation on basal segments similar to that of elytra, but very much 
finer towards the apex. 

Tibiae moderately spinosc ; posterior tarsi distinotly shorter than the tibiae, with the 
fii*8t segment a hitle longer than the fifth, about equal to the second and third together. 

Underside ; head smooth ; intermediate coxae widely distant ; metastemum punc- 
tui-ed as base of abdomen ; abdomen punctured as above. 

Length : 10 mm. 

Male : Anterior tarsi simple ; eighth stemite with its apical margin broadly and 
shallowly emarginate. The aedeagus is very distinct ; the apex of the median lobe is 
almost truncate, feebly rounded, and very broad ; the paramere is widely furcate, the two 
branches enveloping the sides of the median lobe (figs. 104, 105). 

Hattte-Uele : Watsa, xi.l919 (L. Burgeon), Type, unique male, in the 
Mus4e du Congo Beige. 


60. P. dilutipes Fauvel. 

Fauvel, 1898, Rev, Ent, 17 : 117. 

The aedeagus is distinct by reason of its very long, bent, produced api(‘al 
portion of the median lobe and its small forked paramere. In both these 
resj)e('ts it resembles that of P, ventrahs Gravenhorst ; in fact the aedeagus 
differs but little in the two species, but, as will be seen from the figure, the 
fork of the paramere is a little different from that of ventrahs, (Figs. 106, 107.) 

61. P. sepilibilis sp. n. 

Pitchy black, abdomen with slight iridescence, antennae dark with basal segment 
lighter, mouth parts pitchy bro^vn, legs pitchy with yellowish brown femora. In some 
specimens the legs and antennae aie much hghter than in the type. 

Head transverse in both sexes, but much larger and more rectangular in the male than 
in the female ; slightly produced in front of the eyes, with the front straight ; sides parallel ; 
hin<J angles rectangular but rounded ; posterior margin nearly straight, slightly concave. 
There is a large, deep, long-oval depression on the vertex in front. Eyes moderate, their 
longitudinal diameter being about equal to the length of the lateral margins of the head 
behind eyes. Anterior ocular punctures situated before the middle of the inner margin 
of the eyes ; interocular punctures almost in a straight line with these, and near to them, 
widely separated from one another ; two other punctures close to each eye, one at the 
inner posterior angle and the other behind the eye ; one other puncture, on each side, 
liehind the former of these two, but nearer the middle of the head, and another at the 
TRANS. R. ENT. SOO. LOND. 100. PART 12. (DEC. 1949.) 17 
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extreme base of the head ; several small marginal punctures in the posterior angles of the 
head ; head covered with a distinct ground sculpture. 

Mandibles long and slender, strongly curved at apex, finely and acutely toothed in the 
middle of the inner margin. 

Antennae with the second and third segments subequal, fourth to seventh decreasing 
in length, but slightly longer than broad, eighth to tenth quadrate, eleventh short about 
equal to sixth. 

Thorax a little narrower than the head in the male, as wide as the head in the female ; 
sides parallel ; anterior angles strongly depressed, widely rectangularly rounded if viewed 
from the side, if viewed from above evenly rounded with the anterior margin, which is 
slightly convex ; posterior angles rounded with the base. Discal series each consisting 
of five strong punctures, the three in the middle being closer to one another than to the 
first and fifth, but not so obviously as in such species as P. rectangnlus Sharp. On each side 
there is a lateral series of three punctures, the anterior one of which is close to the anterior 
margin ; this series is parallel to the disoal series ; in addition there are a few small mar- 
ginal punctures. Oiound sculpture as on the head. 

Scutellum closely and fairly strongly punctured and pubescent. 

Elytra wider than the thorax, slightly shorter than the thorax at the suture, but longer 
at the sides ; puncturation fairly strong and close ; pubescence long, yellowish grey. 

Abdomen very finely punctured, less towards the middle of the anterior segments and 
towards the apex of the abdomen, more at the sides of the front segment. 

TjCgs short ; posterior tarsi with first segment equal to fifth, and much shorter than the 
second, third and fourth together. 

Length : 6-7 mm. 

Male : Anterior tarsi scarcely dilated ; eighth sternite with a very small triangular 
excision in the apical margin, the emargination almost entirely filled with membrane. 
The structure of the aodeagus is shown in figs. 108, 109 ; it will be seen to differ markedly 
from that of ventraUs Gravenhorst. 

Congo region, without further data ; type male in my collection. I have 
subsequently seen specimens of the same species from Mongende, 21 .iv. 1921 
{Dr. II. SchoiUeden) ; Leopoldville, 1930 {A. Tinant) \ Kqttateur, Bokote 
(R. P. HulsUiert) ; Haut Uele : Watsa, xi-1919 (L. Bvrgeon) • all in the Musee 
du Congo Beige. 

This species comes very close to P. ventrahs Gravenhorst and the specimens 
which I have seen from the Belgian Congo Museum were so determined by 
Bemhauer. It may be distinguished from that species by the shape of the 
head which is more transverse and rectangular. In the male the head is much 
larger and wider than in ventralis and the posterior angles are rectangular but 
rounded. In the female the head is less rectangular in shape than in the male, 
but the sides behind the eyes are not narrowed as in ventrahs, and the posterior 
angles are more prominent. In both sexes the eyes are larger than in ventrahs 
and consequently the length of the sides of the head behind the eyes is less. 
In the male there is a large deep depression in the centre of the head in front ; 
this is much smaller and less distinct in the female. This depression in the 
male almost approaches that of rectangnlus Sharp, and at first sight the head 
appears rather similar to that of that species, but the hind angles are quite 
different, being rounded in sepilibilis. The antennal segments in sepilibilis are 
a little longer than in ventrahs, the fourth to sixth being distinctly longer than 
broad, and the penultimate segments quadrate, or scarcely transverse. The 
most obvious distinction, however, lies in the aedeagus, as may be seen from the 
accompanying figures. 
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62. P. fraxinatus sp. n. 

A small species apparently related to P. ventralis Gravenhorst. 

Hoad blaok ; thorax pitchy brown ; elytra a little lighter than the thorax, pitchy 
brown towards the base and on the disc, becoming lighter and more reddish brown apically ; 
abdomen dark pitchy brown with the hind margins of the segments brown, much lighter ; 
[>alpi dark brown ; legs and antennae reddish brown. 

Head rather quadrate, broader than long (9 : 8), considerably produced and rounded 
in front ; sides together with the ocular margins a little rounded ; eyes longer than the 
sides behind eyes (3:2); posterior angles marked, not very obtuse ; base straight ; inter- 
ocular punctures very widely distant from one another, and very close to the marginal 
punctures of the eyes ; ground sculpture very strong, more or less transverse. 

Antennae very short, a Httlo thickened towards apex ; third segment a little shorter 
than second, and rather shorter than usual ; fourth to tenth very transverse ; eleventh 
very short. 

Thorax as wide as the head, about as long as wide, cylindrical ; anterior margin rounded ; 
anterior angles obtusely rounded ; sides straight, parallel ; posterior angles and base 
very obtusely rounded ; dorsal series each consisting of five strong, more or less equidistant 
j)unctures ; usual lateral punctures ; ground sculpture as on the head. 

Scutellum finely punctured. 

Elytra a little broader than the thorax (5-2 : 4-2), a little broader than long (5-2 : 5), 
shining, moderately and fairly closely punctured. 

Abdomen a little dull, as closely punctured as the elytra, but a little more finely. 

Posterior tarsi as long as the tibiae, first segment as long as the fifth, and as long as the 
second and third together. 

Length : 5 mm. 

Upper Senegal : Badoumbe, l.v.1882 (2>r. Nodier), type, unique female, 
in the Musee du Congo Beige. 

63. P. sinuatus sp. n. 

This sjxjcies is so closely related to P, fraxinatus sp. n. as to need no separate descrip- 
tion ; it will sufiice to point out the differences. P. simuitus may be distinguished from 
that species by the rounded posterior angles of the head, by its darker antennae, by its 
longer elytra, which have a more markedly pale suture, by the closer and finer pimcturation 
of the elytra, and by the finer and much closer puncturation of the abdomen, especially on 
the apical segments. The aedeagus is shown in figs. 110, 111. The oblique arrangement 
of the pegs is peculiar. 

N.W. Rhodesia : Kashitu, N. of Broken Hill, 26.iii.1915 (//. C. Dollman), 
type, unique male, in the British Museum (Natural History). 

P. sinmlus and P, fraxinatus both bear some resemblance toP. kashituensis 
mihi, but may be separated at once by the 4-punctate thorax and the much 
more transverse antennal segments of that species. Although superficially 
P. sinuatus appears to be related to P. ventralis Gravenhorst, the structure of 
the aedeagus would separate it from this species and its allies. 

64. P. lissonurus sp. n. 

Black ; head and thorax shining ; elytra with a distinct brownish colour ; abdomen 
rather iridescent ; mouth parts pitchy ; antennae blackish with the first and extreme 
base of the second segments reddish ; legs yellowish brown with tibiae infuscate. 

Head slightly transverse, oval ; rounded in front of the eyes ; eyes a little prominent ; 
sides behind eyes convergent and rounded with the posterior angles of the head ; base 
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wide, straight ; eyes large, their longitudinal diameter much longer (18 : 7) than the lateral 
margins of the head behind eyes ; interooular punctures anterior to the marginal punctures 
of the eyes, the distance between them being more than twice their distance from the 
marginal punctures (6 : 16 : 6) ; a few small punctures in the postocular region. 

Antennae much longer than the head and thorax ; all the segments distinctly longer 
than broad. 

Thorax wider than the head, truncate in front, longer than broad (6’5 : 6), wider behind 
than in front (6-5 : 4) ; anterior angles very obtusely rounded ; sides straight, divergent 
posteriorly, but with a small distinct concavity in the middle ; posterior angles broadly 
rounded with the broad base ; discal series widely separated, each consisting of five 
moderate pmiotures, of which the first four are more or less equidistant, but the fifth is 
more remote, as distant from the fourth as from the base ; usual lateral punctures. 

Scutellum large, closely and finely punctured. 

Elytra broader than the thorax and about as long, broader than long (7 : 5*5) ; puno- 
turation close, fine, asperate ; pubescence coarse and thick. 

Abdomen rather finely and rather diffusely punctured. 

Posterior tarsi with the first segment a little longer than the fifth, about equal to the 
second and third together. 

Length : 6 mm. 

Male : Anterior tarsi broadly dilated ; the aedeagus is shown in figs. 112, 113. 

Equateur : Boende, 1928 (R. P. Ilulstaert), type, unique male, in the Mus6e 
du Congo Beige. 

This species is of the longicornis Stephens facies, but much smaller ; the 
dark brown elytra with their coarse pubescence, which makes a distinct fringe 
at the sides, the rather broad head, rather sparingly punctured abdomen and 
the structure of the aedeagus will serve to distinguish the species. 

65. P. marcescens sp. n. 

Pitchy brown ; elytra testaceous, black around scutellum and suture ; elytra and 
abdomen densely clothed with long yellowish pubescence ; palpi brow'n ; legs and antennae 
testaceous. 

Head round, wider than long ; broadly rounded in front ; eyes large, their longitudinal 
diameter three times as long as the sides of the head behind eyes measured to the bristle ; 
posterior angles broadly rounded ; base broadly concave ; microsculpture strong, trans- 
verse, composed of nearly straight lines, especially on basal half ; interocular punctures 
very small, situated near the margmal punctures of the eyes ; a few other distinct punc- 
tures in the postocular region. 

Antennae as long as head and thorax together, rather stout ; second segment equal to 
the third ; fourth and fifth quadrate ; sixth to tenth transverse, but not strongly so. 

Thorax as kmg as broad, strongly widened behind ; anterior margin truncate ; anterior 
angles marked, obtuse ; sides rounded, diverging posteriorly ; posterior angles broadly 
rounded with base ; discal series each consisting of five moderately small, close punctures ; 
ground sculpture as on the head. 

Scutellum largo, long, closely punctured and with long, close, yellow pubescence. 

Elytra closely and finely punctured, as the scutellum, and with long pale pubescence ; 
broader than long ; widened behind. 

Abdomen more closely and more finely punctured than the elytra, but with similar 
pubescence. 

Length ; 6 mm. 

Male : The aedeagus is shown in figs. 114, 115. 

Jebel Haina, (7?. C. Darling), 27. i. 1930, dung, Sudan Govt., type, male, 
in the British Museum (Natural History). 
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Ftos. 111-122. — (111) -P. sinuafaa sp. n. Aedeagus, lateral view. (112) P, lissonurua 
sp. n. Aedeagus, upper view. (113) P, Uasonurus. Aedeagus, lateral view. (114) 
P. marceacena sp. n. Aedeagus, upper view. (116) P. marceacena, Aedeagus, lateral 
view. (116) P. manyemae Bemhauer. Aedeagus, upper view. (117) P. nianyemae, 
Aedeagus, lateral view. (118) P. ienuiasimtia sp. n. Aedeagus, upper view. (119) 
P. tumeri sp. n. Aedeagus, upper view. (120) P. denaecaudatua Bemhauer, 
Aedeagus, lateral view. (121) P. denaecaudatua. Apex of paramere, inner face, 
(122) P. denaecaudatua. Apex of aedeagus, upper view. 
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66. P. manyemae Bernhauer. 

Bemhauer, 1932, Rev, ZooU-Bot, afr, 22 ; 148. 

Theaedeagus is shown in figs. 116, 117, and is of typical PAiZon^Aws form. 
I do not think that this species should be included in Gabrius, in which subgenus 
Bemhauer placed it. 


67. P. tenuissimus sp. n. 

Pitchy black ; mouth parts, antennae and legs brownish testaceous. 

Head rectangular, longer than broad, front straight ; sides parallel ; posterior angles 
obtusely rounded ; eyes flat, very small, half the length of the sides behind (measured to 
the bristle) ; interocular punctures very close to the marginal punctures of the eyes, 
widely separated from one another ; a pair of distinct punctures about the middle of the 
head, making a rectangle with the interocular pair ; another pair towards the neck, a 
little closer to one another ; postocular region smooth. 

Anteimae shorter than the head and thorax together ; second segment equal to the 
third ; fourth as long as broad, fifth to tenth transverse. 

Thorax in front as wide as the head, wider behind ; anterior margin broadly convex, 
anterior angles very obtusely rounded ; sides almost straight, feebly diverging posteriorly ; 
posterior angles very broadly rounded with the base ; thorax longer than broad (2*7 : 2*1); 
discal series each consisting of five not strong, equidisant punctun^s, the distance between 
the fourth and fifth being less than the distance of the fifth from the base ; usual lateral 
punctures ; ground sculpture, as on the head, not visible. 

Scutellum with a few small moderate punctures. 

El3d:ra as long as together broad, longer than the thorax, widened behind ; punctura- 
tion rather strong, not deep, not close ; jmbescence very scanty, yellowish. 

Abdomen very finely and diffusely punctured. 

Posterior tarsi with the first segment equal to the fifth, less than the second and third 
together. 

Length : 3 mm. 

Male : The form of the aedeagus is shown in fig. 118. 

Natal : Kloof, 1500 ft., viii. 1926 {R, E, Turner), T}pe in British Museum 
(Natural History). 

68. P. turner! sp. n. 

Black ; legs brown ; antennae pitchy, lighter at base. 

Head quadrate, longer than broad (3 : 2*5) ; sides nearly parallel ; feebly widened 
behind ; front broadly convex, rounded ; posterior angles very broadly and obtusely 
rounded ; longitudinal diameter of the eyes less than the length of the sides of the head 
behind eyes measured to bristle (9 : 12) ; interocular punctures very close to the marginal 
punctures of the eyes, widely separated from one another ; another pair of punctures 
about the middle of the head as widely distant from one another ; a third pair towards 
the neck, a little closer to one another ; postocular region impunctate except for a few 
marginal punctures. 

Antennae shorter than the head and thorax together ; third segment longer than the 
second ; fourth quadrate ; the remainder sHghtly decreasing in length, feebly transverse. 

Thorax a little wider than the he^d, longer than broad ; sides parallel ; anterior angles 
rounded, a httlo obtuse ; posterior angles broadly rounded with the base ; discal series 
each consisting of five punctures ; the third of these is closer to the fourth and out of line ; 
the fifth is equidistant from the fourth and the base. Ground sculpture, as also on the 
head, large, widely spaced, not deep, very irregular. 

ScutcjUum with a few large shallow punctures. 

Elytra longer than broad, as long as the thorax ; rather strongly, rather sparingly 
punctured ; pubescence scanty, yellowish. 
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Abdomen muoh more finely and closely punctured than the elytra, more on the third 
and fourth (visible) segments than on the others. 

Posterior tarsi with the first segment equal to the fifth and shorter than the second 
and third together. 

Length : 4*6 mm. 

Male : The aedeagus is shown in fig. 119. 

Natal: Van Reengen, Drakensberg, 1-22.1.1927 {R. E, Turner), Type, 
male, in the British Museum (Natural History). 

69. P. densecaudatus Bemhauer. 

Bemhauor, 1928, Wien ent, Zig, 45 : 109. 

The aedeagus has been figured from the type specimen. It is in the main 
of typical form, but in one respect calls for comment. There is a very distinct 
shoulder near the base of the paramere on one side only. This is suggestive 
of a forked paramere in which one branch has in the course of evolution become 
lost. This shoulder is also reminiscent of the much less marked shoulder, on 
the same side, in the asymmetrically placed i)arameres of the species of the 
longicornis group. (Figs. 120-122.) 

70. P. circumcinctus Eppelsheim. 

Eppelshcim, 1895, Ann. Mus, sior. mit Genova 35 : 204. 

The aedeagus has been figured from a specimen determined as this spetfies in 
the British Museum. It very closely resembles that of P. denHecmidatus Bem- 
hauer, but lacks the marked shoulder at the base of the paramere. (Figs. 123, 
124.) 

71. P. mimifus Boheman. 

Bohoman, 1848, Ins. Oajfr. 1 : 279. 

The aedeagus is very similar to that of P. agilis G-ravenhorst, but the para- 
mere is shorter. (Fig. 125.) 

72. P. hisignatus Boheman. 

Boheman, 1848, Ins. Caffr. 1 : 282. 

The aedeagus of this species scarcely differs from that of P. longicornis 
Stephens. (Fig. 126.) 


73. P. peregrinus Fauvel. 

Fauvol, 186(), Ann, Soc. ent. Fr, (4) 6 : 315. 

Whereas the aedeagus of this species is of the same form as that of other 
species of the longicornis group, it differs distinctly from them in the narrower 
median lobe which has a much less rounded apex, in fact it is slightly pointed. 
(Fig. 127.) 

Group 5. — Discal Series of Thormic Pundures Each Consisting of 

Six Punctures. 

Having seen less than half of the species belonging to this group in Africa 
I am not attempting to give a key. Six new species are here described, and the 
aedeagus of 15 species is here figured. 




Kk s. 123-132. — (123) P.utcumnnctm Eppelsheim. Aedeagus, upper \iew. (124) P.circum- 
(induus Apex of paramere, inner face. (126) P. minuius lloheman. Aedeagus, 
upper view. (126) P. hisignattia Boheman. Aedeagus, upper Aaew. (127) P. pcre- 
gnmis Fauvel. Aedeagus, upper view. (128) P. conatncticepa sp. n. Aedeagus, 
upper view. (129) Fauvel. Aedeagus, lateral view. {130) P,mocquery a i 

Aedeagus, uppei view. (131) P. aanguinevs Fauvel. Aedeagus, upper view. (132) 
P. hraatzi Bemhauer. Aedeagus, lateral view. 
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74. P. consiricticeps sp. n. 

A species of the facies of P, Urngicomia Stephens, but with red elytra and with the disoal 
series of thoracic punctures each consisting of six punctures. 

Head, thorax and soutellum black ; elytra red, with suture narrowly black, and reflexed 
margins infuscate ; abdomen black with a strong green metallic reflection ; antennae 
pitchy brown, with the first segment testaceous ; legs yellow testaceous. 

Head oval, a little longer than broad ; front straight ; eyes nearly as long as the sides 
of the head behind eyes ; interocular punctures widely distant from one another, three 
times as distant as from the marginal punctures of the eyes, and a little anterior to them ; 
a few punctures at the inner hind angles of the eyes and in the postocular region. 

Antennae moderately long ; third segment a little longer than the second, not much 
shorter than the first ; fourth to tenth increasing in width, decreasing in length ; fourth 
much longer than broad, seventh quadrate ; eighth to tenth transverse ; eleventh short, 
less than the two preceding together. 

Thorax much broader than the head, very strongly narrowed anteriorly ; anterior 
margin truncate ; anterior angles rounded ; sides nearly straight ; posterior angles form- 
ing a large continuous curve with the base ; thorax as broad as long ; discal series each 
consisting of six fine punctures ; usual lateral punctures. 

Elytra a little wider than the thorax, a little widened behind, a httle broader than long ; 
closely, moderately finely punctured ; pubescence long and light. 

Abdomen at base punctured much as the elytra, but more sparingly towards the hind 
margins of the middle segments, and very sparingly towards the apex. 

Posterior tarsi with the first segment distinctly longer than the fifth, equal to the three 
following together. 

Length : 9*5 mm. 

Hashonaland : Salisbury (Marshall coll.), type and eight others in the 
British Museum (Natural History). 

The aedeagus, fig. 128, has a long, broad, parallel-sided median lobe, with 
the apex feebly curved, nearly truncate. The paramere is short, a little 
widened in the apical half, and has six pegs in the centre of the widened portion. 

75. P. mocquerysi Fauvel. 

Fauvel, 1903, Ark, Zool, 1 : 241. 

The aedeagus, which appears typical in the lateral view, is, however, 
remarkable for the unusual form of the furcation of the paramere as may be 
seen from the figure. There appear to be very few pegs, situated at the extreme 
apex. (FigvS. 129, 130.) 


76. P, sanguineus Fauvel. 

Fauvel, 1907, Rev. Ent, 26 : 46. 

The aedeagus is remarkable for its asymmetrical paramere. In this respect 
it resembles P. bicoloripennis Bemhauer, except for the fact that the asym- 
metry is on the opposite side. (Fig. 131.) 

77. P. kraatzi Bernhauer. 

Bernkauer, 1908, Denksckr. med.^natunc, Ges, Jena 18 : 110. 

This species has a very curious paramere, which is slightly widened at the 
extreme apex, with a broad apical margin which is shallowly concave, and with 
the apical angles obliquely trimcate. Apparently there are no pegs, (Figs. 
132, 133.) 
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78. P. mamlipennis Fauvel. 

Fauvel, 1903, Ark, Zool, 1 : 242. 

The aedeagus has a long parallel-sided median lobe with a feebly rounded, 
almost truncate apex. The paramere is exceptionally small and furcate. 
(Fig. 134.) 


79. P. smaragdinus sp. n. 

Head black, with distinct iridescence ; thorax black with a strong purple iridescence ; 
eljrtra dull pitchy black ; abdomen strongly iridescent, green or purple according to the 
angle from which it is viewed ; antennae pitchy brown, basal segment a httle hghter ; 
legs dirty reddish brown, femora hghter. 

Head almost round, about as long as broad ; front fe^ebly rounded ; eyes moderate, 
their longitudinal diameter about as long as the lateial margin of the head behind eye 
measured to the neck ; the bristle of the posterior angle is close to the eye ; sides behind 
eyes nearly parallel as far as the bristle, then strongly rounded to the. neck ; base concave ; 
surface covered with a faint, more or less transverse ground sculpture with a few minute 
scattered punctures ; interocular punctures twice as distant from one another as from the 
marginal punctures of the eyes ; postooiilar region with a few small punctures, bordered 
interiorly Avith several stronger j)unctures. 

Antermae with the second and third segments about equal, not very much shorter than 
the first ; fifth and sixth about equal in length, twice as Jong as broad ; fourth much 
longer than broad, but not as long as the fifth ; seventh and eighth about equal to the 
fourth ; ninth shorter, but longer than broad ; the rest missmg in the unique type. 

Thorax broader than the head ; anterior margin truncate ; sides feebly rounded, 
divergent behind ; posterior angles obtusely rounded ; base broadly rounded ; thorax 
longer than broad ; base wider than the anterior margin ; surface covered with a close, 
fine miorosculj)turo of obfiquo lines (forward and outward) ; discal series each consisting 
of six moderate punctures, which are equidistant except for the sixth, whic.h is a littl(» 
nearer to the fifth ; lateral series of three punctures in a curve and two in the anterior 
angles parallel to the sides. ^ 

Scutelluni closely and finely punctured. 

Elytra at base as wide as the thorax, slightly wider behind, a httle broader together 
than long ; closely, finely, asperately punctured and densely pubescent ; pubescence 
grey. 

Abdomen punctured about as strongly as the elytra at the base, but considerably more 
sparingly ; the puncturation becomes finer and more sparing towards the apex. 

Legs moderate ; posttTior tarsi as long as the tibiae ; first segment of posterior tarsi 
much longer than the fifth, a little longer than the second and third together. All the 
coxae dark. 

Length : 9 mm. 

Male : Anterior tarsi a little dilated ; eighth sternite with a small triangular ernargina- 
tion in its apical margin ; the aedeagus is remarkable for its very short paramere and its 
very broad almost square apex of the median lobe. (See figs. 135, 136.) 

Itxjri : Blukwa, 3.xi.l929 (A, Colla/rt), type, unique male, in the Musee du 
Uongo Beige. 


80. P. rhodesianus sp. n. 

Head and thorax black ; elytra and abdomen pitchy ; legs yellowish brown, femora 
lighter ; palpi yellowish brown ; antennae with three basal segments brown, the rest dark 
brown ; abdominal st^gments with the extreme apical margins brown. 

Head sUghtly transverse, considerably produced in front of the eyes ; front narrow, 
produced, slightly concave ; sides behind eyes distinctly converging ; posterior angles 
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Pigs. 133-140. (133) P, hraatzi Berahauer. Paramere, inner face. (134) P. maculipemiis 
Fauvel. Aedeagus, upper view. (136) P. sniaragdmus sp. n. Aedeagus, lateral view. 
(136) P. smaragdinus, Aedeagus, upper view. (137) P. rhodesiantts sp. n. Aedeagus, 
upper view. (138) P. aelMopieus Bernhauer. Aedeagus, lateral view. (139) P. 
aethiopicm, Aedeagus, upper view. (140) P. rapaciostis sp. n. Aedeagus, upper view. 
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broadly rounded ; base straight ; head widest towards the front of the eyes ; eyes promi- 
nent, large, occupying more than two-thirds of the sides of the head. There are two trans- 
verse oval depressions between the bases of the antennae. Interocular punctures large, 
a little closer to one another than to the marginal punctures of the eyes ; a few moderate 
punctures along the inner margins of the eyes and in the postocular region, and two large 
punctures bordering the latter on the inside. 

Antennae longer than the head and thorax together ; second segment equal to the 
third, a little shorter than the first ; fourth longer than broad ; fifth quadrate ; sixth to 
tenth decreasing in length, transverse, sixth slightly, tenth strongly, so ; all the segments 
slightly thickened apically. 

Thorax as long as broad ; front straight ; anterior angles almost rectangular, viewed 
from above ; sides straight, distinctly convergent anteriorly ; posterior angles rounded 
with the base in a large curve. Discal series each consisting of six fairly large, but not 
deep, punctures ; lateral series of three widely spaced small punctures, and two other 
punctures across the anterior angle. 

ScuteUum moderately punctured. 

Elytra shining, moderately and rather diffusely punctured ; longer than the thorax, 
and longer than together broad. 

Abdomen with the puncturation fine and fairly close at the bases of the segments, 
sparse at the apices ; puncturation finer towards the apical segments. 

Legs slender ; tibial spurs long, black, distinct ; posterior tarsi about equal to the 
tibiae, with the first segment longer than the fifth, about equal to the three following 
together. 

Length 13 mm. 

Male : Anterior tarsi with the first three segments broadly, the fourth slightly, dilated ; 
the aedeagus is shown in fig. 137. 

N.W. Rhodesia : Kashitu, N. of Broken Hill, l.iv.l916 (H. C. Dollmmi), 
tyi>e, female, in British Museum. Belgian Congo, 10 miles S.W. of Elizabeth- 
ville, 18 . iii , 1928 {Dr. H. S. Evans), type male, and two others in British Museum 
(Natural History). 

Note . — In immature specimens the elytra are brownish. 

81. P. aethiopicus Bemhauer. 

Bernhauer, 1915, Ann. Mns. nat. Hung. 18 : 142. 

The structure of the aedeagus can be seen from figs. 138, 139, and calls for 
no special comment. The paramere, as figured in the lateral view, has been 
pulled away from the median lobe. 

82. P. rapaciosus sp. n. 

Black ; mouth parts dark reddish brown ; antennae pitchy black, with the first seg- 
ment brownish and the last two segments hght yellow ; anterior and intermediate femora 
and tarsi pitchy brown. 

The head of the unique specimen is very much damaged, but apparently it is strongly 
transverse, oval, with small flat eyes occupying about half the sides of the head ; sides 
behind eyes convergent and rounded ; posterior angles strongly rounded ; on each side 
there are two interocular punctures, the Outer one being situated as close to the marginal 
puncture of the eye as to the inner one, which is widely distant from the inner one of the 
other side ; there is another pair on each side behind the interocular punctures, the inner 
punctures of which are situated more towards the base of the head than the outer punctures ; 
several small punctures close to the anterior marginal punctures of the eyes, and several 
others in the postocular region. 

Antennae short ; third segment a little longer than the second ; fourth to tenth de- 
creasing in length, transverse, the penultimate segments strongly so. 
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Thorax slightly longer than broad ; anterior margin rounded, convex ; anterior angles 
marked, obtuse ; sides straight, feebly narrowed in front ; posterior angles broadly rounded 
with the base ; discal series each consisting of six more or less equidistant, large punctures. 

* Scutellum closely and finely punctured. 

El 3 rtra scarcely broader than the thorax, broader than long, paraUebsided, convex ; 
surface shining ; punctures rather fine and sparse. 

Abdomen at base finely and moderately closely punctured, at apex very finely and 
very sparsely punctured. 

Posterior tarsi with the first segment scarcely as long as the fifth, as long as the second 
and third together. 

Length : 9 mm. 

Male : The anterior tarsi moderately broadly dilated ; the aedeagus has the paramere 
very short and rounded at the apex ; the median lobe, viewed from above, is narrowed to 
a point at the apex ; viewed laterally it has a small hook on the outer side (figs. 140, 141 ). 

Lulua ; Kapanga, iii. 1933 {G. F. Overlaet), type, unique male, in the Musee 
du Congo Beige. 


83. P. basipennis sp. n. 

Head black ; thorax red ; elytra black at base, red at apex, the red colour extending 
almost to the scutellum in the centre, but not quite so far at the sides ; abdomen pitchy, 
apex of basal segments brownish red, this light margin being very narrow in the first 
visible segment and increasing towards the apex, until in the last visible segment it entirely 
covers it ; antennae black with the first two segments dirty brown and the last pitchy ; 
mouth parts brownish ; legs testaceous brown. 

Head round, a little longer than broad ; eyes moderately small, their longitudinal 
diameter being a little greater than the length of the sides of the head behind eye measured 
as far as the bristle ; the anterior juxta-ocular pimcture on each side double, the inter- 
ocular punctures quite close to it ; a puncture on each side close to the posterior juxta- 
wular puncture ; three distinct punctures between the neck and the eye parallel to the 
margin of the head, and a few small punctures in the extreme hind angles ; surface shining 
with a very weak ground sculpture. 

Antennae long, much longer than the head and thorax together ; third segment a little 
longer than the second ; fourth to seventh longer than broad, but not strongly so ; eighth 
to tenth subquadrate. 

Thorax much wider than the head, longer than broad, widest behind, strongly narrowed 
in front ; front margin feebly rounded ; anterior angles strongly rounded ; sides almost 
straight ; posterior angles rounded with the base in a broad curve ; discal series each con- 
sist.ing of six, not very deep, equidistant punctures ; laterally with two pairs of punciarc\s 
placed obliquely ; marginal punctures few but large. 

Scutellum very finely, moderately closely punctured. 

Elytra wider than the thorax, ^mrallel-sided, longer than together broad, rather flat : 
puncturation close and fine ; pubescence close, short-, yellowish. 

AJbdomen more closely and finely punctured than the elytra. 

Posterior tarsi fairly long ; first segment as long as the fifth, about equal to the second 
and third together. 

Length : 6 mm. 

Male : Anterior tarsi moderately dilated ; the aedeagus is shown in figs. 142, 143. 

N.W. Rhodesia : Namwaca, iii. 1913 {//. C. Dollman), type in the British 
Museum (Natural History). N.W. Rhodesia : Mwengwa, 22.vii.1913 (H. C. 
DoUman), also in the British Museum. 
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84. P. fimbriolatus Erichson. 

Erichson, 1840, Gen» Spec. Staph , : 486. 

The aedeagus has a furcate paramere whose two branches are nearly parallel 
but rather widely separated from one another. (Fig. 144.) 





151 


Figs. 141-151. — (141) P. rapaciosus sp.n. Aedeagus, lateral view. (14:2) P.basipe7ims Bp. n. 
Aedeagus, upper view. (143) P. hasipennis. Aedeagus, lateral view. (144) P. 
firnbriolatmlSinch.BOTL. Aedeagus, upper view. (146) P.nigrriceps Eppelsheim. Aedeagus, 
upper view. (146) P. nigriceps. Aedeagus, lateral view. (147) P. gerardi Bemhauer. 
Aedeagus, lateral view. {14H) P. gerardi. Median lobe, lower view. (149) P. gerardi. 
Paramere. (150) P. hurgeoni Bemhauer. Aedeagus, upper view. (151) P. hurgeoni, 
Aedeagus, lateral view. 
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86. P. nigriceps Eppelsheim. 

Eppelsheim, 1885, Dtsch, ent. Z, 1885 : 112. 

There is nothing remarkable to note about the aedeagus of this species, 
as may be seen from figs. 146, 146. It must be pointed out, however, that there 
are in museums two distinct, though closely allied, species doing duty for 
nigriceps Eppelsheim, and it would require comparison with the type to decide 
which is the true species of that name. 

86. P. gerardi Bernhauer. 

Benihauer, 1928, Wien ent, Ztg. 46 : 108. 

As may be seen from figs, 147-149 the aedeagus is peculiar both for the 
curious formation of the apex of the median lobe and also for the shape of the 
paramere. 

87. P. burgeoni Bernhauer. 

Bernhauer, 1928, Wien ent. Zt^. 45 : 107. 

In the upper view the median lobe is gradually narrowed from base to 
apex, but in the lateral view it is bent into a long, narrow, pointed portion at 
the apex. The paramere is nearly as broad as the median lobe and is triangu- 
larly furcate at the apex. The branches of the fork envelop the median lobe 
so that in the lateral view of the aedeagus the paramere does not conceal the 
outline of the median lobe. (Figs. 150, 151). 

88. P. orcinus sp. n. 

A small si)ecies, very similar in general appearance to Gabrius nigritulus 
Gravenhorst. 

Black, elytra pitchy brown, antennae with the fiiut two sc‘gments light reddish brown, 
legs liglit reddish-brown. 

Head orbicular, very slightly broader than long (male) ; sides l)ehiiid eyes nearly 
parallel for about half their length, then gradually narrowed in a curve to the neck ; front 
of head broad ; eyes very small, about half the length of the sides of the head behind 
eyes. Interocular punctures shalIo^\, about twice as distant from one another as from 
the eves ; behind them a more or less transverse row of four weak j)unctures, the two 
middle punctures of which are a little posterior to the two outer punctures and about as 
distant from one another as from the eyes ; a number of rather large shallow punctures 
scattered in the postocular region and near the base of the head. 

Antennae with the second and third segments subequal, fourth a little longer than 
broad, fifth to tenth slightly transverse, eleventh shorter than the tw*o preceding together. 

Thorax distinctly longer than broad, a little narroAver than the head (male) ; anterior 
angles rather marked, obtusely rounded ; posterior angles less obtusely roundt'd with the 
base ; front margin eonvexly rounded ; diseal series each consisting of six rather strong 
punctures. 

8cutellurn very finely punctured. 

Elytra much shorter than together broad, shortt'r than the thorax ; strongly, irregu- 
larly and not very (dosely punctured. 

Abdomen very fintdy punedurod. 

Posterior tarsi with the first segment shorter than the fifth, scarcely as long as the 
second and third together. 

Length : 5 mm. 

Male : Eighth stemite feebly triangularly emarginate at apex, with a deep triangular 
depression before the emargination. Aedeagus witli the median lobe gradually narrowed 
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from base to apex in the upper view, slender at the apex in the lateral view ; paramere 
simple, very short and slender, with a few indistinct pegs at extreme apex (figs, 152, 153). 

Type, unique male, in the Musfe du Congo Beige ; Kivu: Lulenga, ix.l932 
(L, Burgeon). 

89. P. turhidus Erichson. 

Erichson, 1840, Oen. Spec. Staph. ; 484. 

The very characteristic aedeagus of this species is shown in figs. 167-169. 
In the upper view the real apex of the median lobe cannot be seen as it is bent 
down almost at a right angle, as may be understood from fig. 167. The 
paramere is forked, and the inner margins of each branch are closely studded 
with very small pegs for nearly the whole of their length. 

Specimens of this species are not rare in which there are more than six 
punctures in one or both of the discal series of the thorax. 

90. P. chajmmni Bernhauer. 

Bemhauer, 1939, Mem. Mua. nat. Hist. nat. Paris (n.s.) 9 : 89. 

The aedeagus, which is shown in figs. 155, 150, is very similar to that of P. 
orcinus sp. n., but the median lobe is much longer and the paramere is relatively 
broader. 

It is not possible to say whether the following species should be in group 4 
or group 5, as the thoracic series are abnormal in the unique type. 

91. P. hargreavesi sp. n. 

Black ; antennae pitchy brown for the three basal segments, dull pale yellowish brown 
for the remainder ; legs, including coxae, yellowish brown. 

Head roimdish, a little broader than long, broadest across the eyes, narrower Ix^hind ; 
front broadly rounded ; sides feebly curved, convergent posteriorly ; hind angles rather 
obtusely rounded ; base concave ; eyes small, their length equal to that of the sides 
behind the eyes measured to the bristle, which is rather forward. Head very broadly, 
shallowly, depressed over nearly the whole width betwwn the eyes, the depression extend- 
ing a considerable distance longitudinally as w'ell ; intcrocular punctures wndoly separated, 
situated in the corners of the depression ; another pair, equally distant, near the hind 
angle of the eye, several other distinct punctures m the postocular and basal regions. 

Mandibles very long and slender. 

Antennae very short ; second and third segment about equal ; fourth and fifth a little 
longer than broad ; sixth quadrate ; seventh to tenth transverse. 

Thorax narrower than the head ; surface very convex ; anterior margin rounded ; 
anterior angles very obtusely rounded ; sides parallel ; posterior angles obtusely rounded 
with the base ; thorax about as long as broad ; discal series consisting of six punctures 
in the right series and five in the left ; the loft series is very irregular, and probably five 
is the normal number ; side margins with a number of distinct outstanding hairs. 

Scutellum glossy, very finely and sparingly iiunctured. 

Elytra together much broader than the thorax, broader than long ; very^ finely, rather 
diffusely punctured ; surface very shinmg ; pubescence grey, very fine and long. 

Abdomen extremely finely, rather sparingly punctured. 

Length : 5*5 mm. 

Mali : Anterior tarsi simple ; eighth sternite very narrowly, not very deeply excised 
in a pointed triangle, the excision filled with a membrane ; the aedeagus has the median 
lobe long and pointed ; the paramere is triangularly furcate (fig. 154), 

SiEKRA Leone : Njala, x.l936 {E. Hargreaves), unique male, in the 
British Museum (Natural History). 
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genus Phitanthus Stephens (Coleoj^a) 

This species is very much of the same build as P. motoensia Cameron, but is 
easily distinguished by the thoracic series of punctures and by the fine, diffuse 
pimcturation of the elytra. 



Figs. 152-161. — (152) P. orcinu>s sp. n. Aedeagus, lateral view. (153) P. orcimis. 
Aedeagus, upper view. (154) P. hargreavesi ii. Aedeagus, upper view. (155) P. 
chapmani ^mhauer. Aedeagus, upper view. (156) P. chapmuni. Aedeagus. 
lateral view. (157) P. turbidus Ericlisou. Apex of aedeagus, lateral view. (158) P. 
turhidus, Ai>ex of aedeagus, upper view. (159) P. turhidus. Parainere, inner face. 
(160) P. gongulu^ sp. n. Aedeagus, lateral view. (161) P. gongtilus. Aedeagus. 
upper view. 

TB^S. R. JBNT. SOC. LONJO. 100. PART 12. (OEC, 1949.) 18 
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Group 6. — Disoal Series of Thoracic Punctures Each Consisting of more than 

Six Punctures. 

92. P. conradti Bernhauer. 

Bernhauor, 1912, Ent, Mitt. 1 : 206. 

There is nothing remarkable about the aedeagus of this species {see figs. 174, 
175). The paramere is only slightly longer than the median lobe, which is 
rounded at the apex. The pegs appear to be few in number. 

93. P. gongulus sp. n. 

A very distinct spetdes, easily recognized by the extraordinarily dilated sides of the 
elytra at the apical angles, as well as by the large head and 8-punctate discal series of the 
thorax, and by the unusual shape of the aedeagus. 

Black ; elytra brown, lighter at the extreme apical margins ; apical margins of the 
abdominal segments brown ; antennae black, basal segments brown, base of the second 
red ; legs, including coxae, brown, femora lighter, tibiae infuscate. 

Head nearly rectangular, distinctly transverse ; front nearly straight but with a 
small portion in the centre distinctly produced and rounded ; sides from behind the eyes 
to the bristle nearly straight and parallel ; posterior angles very obtusely rounded ; base 
concave ; eyes very small, slightly less than the sides behind measured to the bristle ; the 
punctures on the head in the unique typo differ on each side ; ther(‘ an*, however, two paii-s 
of interocular punctures, one pair level with the anterior margins of the eyes, the other 
level with the middle of the eyes ; halfway between each of these and the eye is another 
puncture ; several distinct punctures in the postocular region, especially between the eye 
and the neck ; a much larger puncture and one or two smaller ones near the base towards 
the centre of the head ; there is a tendency for the j)unctures to form two longitudinal 
lines on each side not far from the margin of the eye ; there is also a distinct depression 
in the middle of the head in front ; groimd sculpture consisting of close lines, A\'hich arc* 
transverse on the basal half. 

Antennae as long as the head and thorax together ; second segment about as long lis 
the first ; third longer than the second ; fourth to tenth increasing in width, dt'cjreasing 
in length ; fourth and fifth a little longer than broad ; sixth quadrate ; seventh to tenth a 
Uttle transverse ; eleventh short. 

Thorax narrower than the head (male), longer than broad ; anterior margin rounded ; 
anterior angles obtuse ; sides straight, parallel ; posterior angles rounded with the bast^ 
in a large curve ; ground sculpture of close transverse scratches ; discal series each cam- 
sisting of eight punctures, the second, third and fourth closer together than the rest, 
fifth, sixth and eighth increasing in distance apart, seventh out of line with the others, 
situated externally to the series ; this puncture may be abnormal, but it is exactly the 
same on each side in the unique type ; usual lateral punctures. 

ScuteUum distinctly punctured. 

Elytra at base wider than the thorax ; sides distinctly divergent posteriorly for half 
their length, then strongly inflated and rounded to the marked jwsterior angles ; basal 
margin of each elytron straight near the suture and feebly rounded to exterior angle ; 
puncturation very close and moderately strong, rather irregular ; ])ubescence short, fine, 
light. 

Abdomen closely and finely punctured, more simringly towards the a]>ox. 

Posterior tarsi with the first segment shorter than the fifth, shorter than the second 
and third together. 

Length : 6 mm. 

Male : The aedeagus is remarkable for its peculiar form ; the median lobe is strongly 
bent at the apex on its outer surface ; it is prolonged at the apex for a considerable length ; 
the paramere is asymmetrical and asymmetrically situated on the median lobe ; this, too, 
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Figs. 162-169. — (162) F. biparamerosus sp. n. Apex of aedeagus, upper view. (163) P. 
hipammerosus, Parainere. (164) P. biparamerosus. Apex of paramere, lateral view. 
(165) P. ocypoides Schubert. Aedeagus, upper view. (166) P. ocypoides. Apex of 
aedeagus, lateral view. (167) P. aem'ulus Tottenham. Aedeagus, lateral view. 
(168) P. aemvlus, Aedeagus, ui)per view. (169) P. lucanicornis Bernhauer. Aedeagus, 
lateral view. 
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has a distinot projection at the apex, but very short ; the form can be appreciated from 
figs. 160, 161. 

Kivu : N’Gama, i.l926 (H. Schouteden), type, unique male, in the Mus^e 
du Congo Beige. 


94. P. tamulus sp. n. 

Black ; elytra sHghtly pitchy ; abdomen rather iridescent and a little brownish towards 
apex ; legs pitchy with femora a little lighter. 

Head transverse, rather oval, much broader than long ; fix>nt very little produced 
before eyes, nearly straight in middle ; eyes flat, moderate in length, sHghtly longer than 
the sides behind eyes ; sides scarcely rounded, scarcely convergent behind ; posterior 
angles very obtusely rounded ; base straight ; four punctures placed transversely between 
the eyes, the distance between the inner two being equal to that between the bases of the 
antennae, the outer punctures being midway between the inner punctures and the marginal 
punctures of the eyes ; one or two much smaller, shallow punt‘tures behind those, and a 
few difluse punctures in the postocular region ; ground sculpture very weak and close. 

Antennae long and rather slender, longer than t>he bead and thorax together ; second 
and third segments about equal ; fovirth not much shorter than the third and much longer 
than broad ; fourth to tenth decreasing in length, but all distinctly longer than broad, 
most of them much so. 

Thorax broader than the head, broader than long, bimder l)ohind than in fi’ont, 
anterior margin truncate ; anterior angles strongly deflexed, a little obtusely rounded ; 
sides straight, divergent posteriorly ; posterior angles rounded with the base ; discal 
scries irregular, more or less double or treble, consisting of three or four not large punctures 
and some five or six very small but distinct pmictures ; other similar small and one or 
two larger punctures diffusely scattered over the whole of tbo lateral area ; it is difficult 
to state the exact number of punctures in the discal series owing to their irregular natiirt' ; 
ground sculpture as on the head. 

Scutellum large and broad, very finely, rather diffusely, puuctui’od. 

Elytra very finely, rather closely punctured, with several distinctly laiger juiiutuivs 
more or less disposed in indistinct longitudinal rows; a little broader than the thorax, 
broader than long, wider behind. 

Abdomen very finely and scantily puiictuied, the ])unctine8 Ixung in two or three 
tiansverse rows on each segment. 

Bostcrior tarsi with the first segment scarcely longer than the lifth, eipial to the second 
and third together. 

Length : 9 mm. 

Kivu : Tshibinda, xi.i932 (L. Burgeon), type, imiquo female, in tlie Musee 
du Congo Beige. 

The peculiar thoracic puncturation makes this insect distinct, together with 
the finely pimctured elytra and smo6th abdomen, «nd iho large accessory 
(‘lytral punctures. 

95. P. biparamerosus sp. u. 

This species is of exceptional interest, since the aedcagus xiossesses twopaiameres ; that 
lact, coupled also with its long, slender, falciform mandibles, and the puncturation of the 
thorax and the exceptionally long elytra, seems to warrant a distinct subgenus, for which 
1 propose the name Sectophilonthus with P. parameroaus as its genotype. 

The species may easily be distinguished, apart from the form of the aedcagus, by its 
falciform mandibles, its very long, shining, finely punctured elytra, and by the puncturation 
of the thorax, which consists of exceptionally fine punctures, the discal series being numerous 
and irregular, and there being numerous irregular similar punctures scattered all over the 
lateral region. 
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gmus Phibm^us Stephme {Ccleopf^a) 

Black ; head, thorax and elytra very shining, abdomen not so shining ; antennae 
brown, with basal and apical segments lighter; all the abdominal segments narrowly 
reddish brown on the apical margins ; femora red-brown. 

Head rather quadrate ; eyes a little shorter than the margins of the head behind eyes ; 
sides feebly divergent behind ; posterior angles strongly rounded, rather bulging ; anterior 
marginal puncture of the eye situated a little distance from the margin ; interocular 
punctures appreciably more distant from one another than from the marginal punctures 
of the eyes ; a few pimctures scattered in the postocular region ; all the punctures on the 
head very minute and indistinct. Maxillary palpi with the last segment rather short, a 
little longer than the penultimate, which is stout. Mandibles very long and falciform. 

Thorax, at its greatest width, fuUy as wide as the head, slightly narrowed behind, 
front margin strongly convex, anterior angles obtusely rounded, posterior angles less 
obtusely rounded, rounded with the base. All the punctures on the thorax are very 
minute and their arrangement is dissimilar on the two sides ; the discal series on the left 
consists of eight punctures irregularly spaced, the right series consists of ten punctures, 
several of which are out of line ; there are quite a number of similar punctures outside the 
discal series, which show a tendency to align themselves parallel to the discal series, e8j3c- 
cially on the right side, which I believe is more representative of the normal in the species. 

Elytra as wide as the thorax, very long, finely, not very closely punctured. 

Abdomen more closely punctured than the elytra, the punctures on the basal segments 
being about equal to those on the eljrtra, those on the apical segments l)eing strongei'. 

Antiennae about as long as head and thorax together ; 8(*cond segment stout at ajKJX, 
but longer than broad, third distinctly longer than sec^md, the rest sul)equal, all longer 
than broad, and all distinctly widened apically ; eleventh shorter than ninth and tenth 
together. 

(treater i>art of the legs missing. 

Length : 7*6 mm. 

Male : Stemite eight with the apical margin very teeblv (‘jn<ijginate in a curve for its 
whole width ; aedeagus remarkable for possessing two j>arn meres. A parameie is shown 
in fig. 1()3 ; it just touches the other paramere at (u), but the two are only conneiited by 
th(‘ membrane which joins them to the median lobe ; distally there are thrive tooth-like 
l)t‘g8 on each, which art' outstanding if the paramei’e is viewt*d laterally (fig. 164). Appa- 
rt'utly they have their faces slightly (‘oncave and directed towards the median lobe, so 
that they do not show the true (contour of their apical margins in the position shown in 
fig. 1 62, w’ht'u still attached to th(‘ median lobe. 

Type, uiiiqiK* male, MADACiASCAR : Tananarive, in ray collt^ctiou. 


Crroup 7. Hpeiien of Large or Minlerate She; Head> Usmlly Blael\ Thimix, 
Elytra and Ahdo^nen Brown, Reddish Brown or Yellowish Brown. 

This is purely a group of eonvenience, based on the prevailing colour. There 
are a few similarly coloured small si>eeie8, (rufescens Bernhaiier, mlvnhts Bern- 
hauer, sanyuimus Fanvel) which I have included in other keys according to thi' 
number of punctures in the discal series of the thorax. In the species con- 
sidered below, I have used the discal series in the key, but I have not taken 
the numbers of these punctures as a characteristic of the whole group. Since 
there is only one new sjx^cies to be described in this group I have condensed 
descriptions of the various s])ecies and included these descriptions in the key. 


Key to the Species. 

1. Body not unusually broad 

Body very broad 


d. 
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Figs. 170-175. — (170) P, Ivmnicornis Bornhauer. Aedeagus, upper view. (171) P, 
hidentiformis sp. ii. Aedeagus, upper view. (172) P. doUmani Bemhauer. Aedeagus, 
upper view. (173) Qabrius rrumticxda Bemhauer. Aedeagus, lateral view. (174) P. 
conradti Bemhauer. Aedeagus, lateral view. (175) P. cmradti, Aedeagus, upper 
view. 
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(he genus PhUonthus Stephens (Coleoptem) 

2. Size large, 15 mm. ; head very strongly transverse, with front very 

much produced in a curve ; eyes occupying nearly the whole of the 
sides of the head ; thorax strongly transverse ; discal series of six 
punctures, of which the sixth is equidistant from the fifth and from the 
base ; elytra strongly transverse, moderately and closely punctured ; 
abdomen very finely, not very closely punctured ; upper surface 
shining ; antennae with segments four to ten serrate. Habitat in 
Nigeria 96. cervicornia Schubert. 

Size large, 12-15 mm. ; head more than twice as broad as long ; eyes 
fully three times as long as the sides of the head behind eyes ; thorax 
nearly twice as broad as long ; discal series of five fine punctures, of 
which the fifth is remote from the rest ; elytra scarcely longer than the 
thorax, finely punctured, with some larger punctures ; abdomen finely, 
fairly thickly punctured. Habitat in Belgian ('ongo 

97. ffrandis Bernbauer. 

3. Discal series of thorax consisting of five or more punctures .... 4. 

Discal series of thorax consisting of four punctures ; antcmnae relatively 
short, scarcely serrate, the 8errat<‘ segments about as wide at apex as 
long ; head strongly transverse, not produced in front, with ey(*s 
moderate, and sides behind eyes parallel ; thorax deep reddish 
brown, distinctly transverse ; elytra finely and evenly punctured, 
scantily pubescent, as long as together broad, flat, longer than th(* 
thorax ; abdomcm very finely and very closely j)unctured ; anterior 
tarsi ill male very broadly dilated ; aedeagus, figs. 165, 166. Habitat 
in Rhodesia, Belgian Congo 98. ocypoides Schubert. 

4. Size smaller, 8-12 mm. ; colour often light yellowish brown ; antennal 

segments if serrate not distinctly longer than broad 5. 

Size larger, 15 mm. ; colour dark reddish brown, rather dull ; antennae 
very long, segments longer than broad, distinctly serrate, but with 
their bases relatively broad ; head transverse, rather angularly 
y)roduced in front ; eyes large, occupying three-quarters of the sides 
of the head ; sides behind eyes convergent and rounded ; thorax 
s(;arcely transverse, sides converging anteriorly, discal series each con- 
sisting of six punctures (or more) ; elytra convex, together broader 
than long, closely and finely j)unctured, with long close pubescence ; 
abdomen finely, fairly closely punctured, very pubescent ; anterior 
tarsi of male moderately dilated ; aedeagus, figs. 167, 168. Habitat 
in Tanganyika 99. acmnlus Tottenham. 

5. Segments of antennae not serrate, eighth to tenth transverse ... 6. 

Segments of antennae very strongly serrate, very wide at apex and 
narrow at base ; head strongly transverse, scarcely produced in front ; 
eyes large, convex, occiipying three-quarters of the sides of the head ; 
thorax very strongly transverse ; discal series each consisting of six 
(or more) fine punctures ; elytra broader than long, moderately 
punctured ; scutellum very finely and closely punctured, more finely 
and more closely than the elytra ; abdomen light yellowish brown 
with strong golden iridescence and with ill-defined blackish patches 
at the bases of the segments, punctures fine and moderately close ; 
aedeagus, figs. 169, 170. Habitat in Rhodesia. 

100, luGanicornis Beruhauer, 
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6. Discal series of thorax each consisting of six punctures 7, 

Discal series of thorax each consisting of five punctures ; antennae with 

the basal segments brown, the rest dark ; head transverse, oval ; eyes 
small, occupying less than half of the sides of the head ; head behind 
eyes nearly parallel-sided, slightly rounded ; hind angles very broadly 
rounded ; punctures strong ; thorax transverse, sides but slightly 
convergent anteriorly ; discal series of large and equidistant punctures ; 
base flatly rounded ; elytra a little broader than the thorax, longer 
than broad, moderately and not very closely punctured, pubescence 
scanty ; abdomen punctured nearly as strongly as the elytra, but 
closer at the bases of the segments, more sparingly at the apices, very 
sparingly at the extreme apex ; aedeagus fig. 171. Habitat in 
Madagascar. (Type, male, in my collection) . 101. bidentiformis sp. n. 

7. Antennae with the penultimate segments scarcely serrate, eleventh 

segment lighter than the rest ; head scarcely transverse, a little pro- 
duced in front, eyes moderate, occupying two-thirds of the sides of the 
head ; thorax slightly longer than broad, sides nearly parallel, 
slightly convergent anteriorly, base strongly rounded ; elj^ra as long 
as together broad, moderately punctured ; scutellum punctured 
almost like the elytra ; abdomen reddish-brown, darkly iridescent, 
very finely ajid very closely punctured ; aedeagus, fig. 172. Habitat 
lu Rhodesia 102. dolhttani Benihaiiei. 

Antennae with the <‘leveuth segment more definitely lighter, penulti- 
mate segments more transverse ; head Jess transverse, hind angles 
more marked, eyes smaller ; thorax narrower, discal serii's of punctures 
closer ; elytra more sparingly punctured ; abdomen much more 
sparingly punctured. Habitat in Madagascar. 103. laticornis Bernhauer. 

References to species in this group : 

96. P. cervicmma Schubert, 1911, Disoh, Z, 1911 : 25. 

97. P. gramlin Bernhauer, 1932, R&tK ZooL~BoL afr, 2£ : 147. 

P. ovypoiiles Schubert, 1911, Dtsch. ettf. Z, 1911 : 22. 

99. P. amnulvH Tottenham, 1939, Pm*. R. enf, Sor. Land, (h) 8 : 233 noin. 
nov. 

— P. serraticoTHis Bernhauer, 1908, Deuluvhr, nmL-Kahirw. (lies. Jena 

13 : 110 . 

100. P. lacanieornis Bernhauer, L908, ibid., 13 : 111. 

102. P. doll man i Bernhauer, 1934, ReiK Zool.-Bot. afr. 24 : 236. 

103. P. lahcorms Bernhauer, 1906, Dtsrh. ent. Z. 1906 : 190. 

In this group should also be included the following species which ari' un- 
known to me, and which I was imable to include in the key from the descriptions 
alone : 

P. mihtilicorms Bernhauer, 1932, Rev.Zool.-BoL afr. 22: 148 (Belgian Congo). 

P. rufus Fauvel, 1898, Rev. Enf. 17 : 184 (Madagascar). 

P. pollax Fauvel, 1905, ibid., 24 : 178 (Madagascar). 

P. wfm has six punctures in the discal series of the thorax, while the 
other two species each have five punctures. 

104. Gahrius monticola Bernhauer, 

Bernhauer. 1931, J. Linn. Soc. Lond. (Zool.) 87 : 580. 

The aedeagus of this species is shown in fig. 173, 
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The Genus Thalpmtwtia was described by Saussure in 1884 for Oedipcda 
algeriana Lucas, 1849, and for two new species Thilporrmia perm and Th. 
ledereri. 

The present study has shown that persa and ledereri are generically distinct 
from al^geriana, which has been designated by Kirby (1910) as the type of the 
genus Thalpofmna, This genus includes several species from North-West 
Africa. 

Th, persa and ledereri proved to belong to the genus Pseudoceles described 
by I. Bolivar in 1899 for a species from Asia Minor and incorrectly synonymized 
by Uvarov in 1930 with Thalpomena Saussure. To this genus belong several 
species occurring in Western Asia. 

Thalpormna hirtipes Uvarov, 1923, is so distinct from both Thalpmwna 
and Pseitdoceles that a new genus Crinita must be erected for it. 

A quite distinct genus of this group is Cophotylus Krauss, 1902, based on 
a single species from Arabia. To this genus are referred also Thalpmmna 
splendens Uvarov, 1933 (Baluchistan) and Wernerella aurma Kamy, 1907 
(Sudan), as well as a new species from Persia. This genus is not very homo- 
geneous and is possibly nearer to Sphingorwtus Fieber than to Thalpo^neva, 

This whole group of genera is associated in its distribution with low dry 
mountains, its members occurring on stony screes and bare rocks. This 
leads to a strict localization of populations and results in the formation of 
numerous species and lower taxonomic groups, which remain in isolation. 
Therefore, almost every locality and every population represents a distinct 
taxonomic group, often of very uncertain status. Extensive studies on as 
many as possible of such local populations are necessary before their status 
and interrelation can be understood. In the meantime, great caution has 
been exercised in establishing species and subspecies, and further work may 
show the need for their subdivision. 

Oedipoda maderae Serville, 1839, from Madeira, has been referred by Kirby 
(1910) to the genus Thalponhena, but the original description is insufficient for 
this, and the type appears to have been lost. Therefore, this species must 
remain doubtful. 

THANS. B. Bjrr, SOC. LONP, 100. PABT, 13, (DEC. 1949). 
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I am grateful to Dr. B. P. Uvarov for his advice and help, and to Dr, E. 
Ebner (Vienna), Dr. L. Chopard (Paris) and Sr. E. Morales Agacino (Madrid) 
for the material they have sent for my studies. 

Most of the material is in the collections of the British Museum (Natural 
History), where all the types are deposited, except where it is otherwise stated 
in the text. 

All measurements, except where otherwise stated, are in millimetres. 


Thalpomena Saussure. (Figs. 1, 7, 8, 12.) 

1884, Thalpomena Saussure, Mim, Soc. Geneve 28 : 184. 

1910, Thalpomena Earby, 8yn, Cat, Orthopt. 8 ; 246. 

Type. Thalpomena algeriana (Lucas), designated by Kirby (1910, I, c,). 

Of medium size, robust. Head in profile does not project above pronotum. Prons 
perpendicular, slightly convex. Frontal ridge shallowly sulcate, with raised margins, 
slightly constricted below the ocellus, narrowed at the apex. Foveolae of vortex distinot, 
concave, irregularly triangular. Fastigium of vertex elongate strongly concave, with 
sharp lateral carinae. Pronotum without constriction, flat above, lateral margins divergent 
backwards. Median caiina linear, fine, slightly raised in front of the first sulcus. Three 
transverse sulci. Posterior angle of metazona right or acute. Elytra short, broad ; 
apex obliquely truncate ; reticulation dense ; vena intercalata sinuate, at the apex 
approximating and almost touching vena radialis posterior. Wing very broad, with 
strongly convex external margm ; basal disc coloured, usually with a dark fascia. Hind 
femur short and broad. Subgenital plate of the male short, obtusely conical at the apex. 
Ovipositor short, slender, valvae curved ; lower valva with a projection on the external 
margin. 

Key to species of Thalpomena, 

1 (6). Fastigium of vertex broad, as wide as long, with, short carinae 

(figs. 15, 16, 17, 18, 20, 26). 

2 (3). Median cariua of pronotum in front of the first sulcus strongly 

convex (fig. 27). Lateral margins of metazona slightly diver- 
gent, almost parallel (fig. 28). Basal disc of wing bluish 
green viridipennis Uvarov. 

3 (2). Median carina of pronotum weakly convex or straight (figs. 21, 

37) . Lateral margins of metazona strongly divergent (figs. 22, 

38) . Basal disc of wing pink or azure blue. 

4 (5). Carinae of fastigium gradually curved with rounded or obtuse 

angles (figs. 15, 16, 17, 18, 20). Lateral margins of prozona 
between sulci not gibbose (fig. 22). Basal disc of wing pink 

algeriana (Lucas). 

5 (4). Carinae of fastigium sharply curved, with acute angles (fig. 26). 

Lateral margins of prozona between sulci gibbose (fig. 38). 

Basal disc of wing greenish blue .... coendelpennis Finot. 

6 (1). Fastigium narrow, two or three times as long as broad, with 

long carinae (figs. 19, 25, 33, 36). 

7 (12). Metazona slightly broader than prozona (figs. 35, 41), with 

lateral margins moderately divergent. 

8 (9). Median carina of pronotum slightly convex & front of the first 

sulcus (fig. 34) ; lateral margins of prozona between sulci not 
gibbose (fig. 35), of metazona smooth and straight. Basal disc 
of wing azure blue . azureipennis Uvarov. 



Measuren^ents of Thalpomena Species, 
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9 (8). Median carina of pronotum straight, scarcely raised between 
second and third sulci (fig. 40) ; lateral margins of prozona 
between sulci slightly gibbose (fig. 41), of metazona smooth 
and slightly convex. Basal disc of wing rose. 

10 (11). Pastigium three times as long as broad (fig. 33). Coloration 

pale ochreous. Basal disc of wing light rose with an obso- 
lescent fascia and ray deserta sp. n. 

11 (10). Pastigium twice as long as broad (fig. 19). Coloration dark 

grey, almost black. Basal disc of wing rose, with distinct 
fascia without ray rungs! sp. n. 

12 (7). Metazona distinctly broader than prozona (fig. 24), lateral 

margins strongly divergent. Basal disc of wing hyaline blue 

coerulescens Uvarov. 


Comparative Characters of the Genera Thalpomena, Pseudoceles, Cophotylus and CVinita. 


Thalpmena. 

Head does not project 
above pronotum. 

Prons perpendicular, 
slightly convex. 

Prozona and metazona 
of pronotum flat and 
smooth. Median ca- 
rina in profile inter- 
rupted by three sulci. 


Elytron short, broad. 
Vena intercalata sinu- 
ate, at the apex ap- 
proximating radialis 
posterior. Reticula- 
tion very dense. 

Wing short and broad, 
external margin 
strongly convex. 

Hind femur short and 
broad. 


Pseudoceles. 

Head projects above 
pronotum. 

Prons oblique, straight. 


Prozona of pronotum 
subcylmdrical, its la- 
teral margin between 
sulci gibbose ; meta- 
zona smooth. Median 
carina in profile inter- 
rupted by two sulci. 


Elytron broad and rela- 
tively long. \'ena 
intercalata straight, 
parallel to radialis 
posterior. Reticula- 
tion dense. 

Wing short, less broad ; 
external margin 
slightly convex. 

Hind femur moderately 
slender. 


Cophotylus. 

Head strongly projects 
above pronotum. 

Prons strongly oblique, 
straight. 

Prozona of pionotuin 
subcylindrical, slight- 
ly constricted, its la- 
teral margin betvroen 
sulci less gibbose ; 
metazona smooth. 
Median carina in pro- 
file interrupted by 
two or three sulci. 

f 

Elytron long, narrow. 
Vena intercalata 
straight, sinuate. Re- 
ticulation not very 
dense. 


Wing long, narrow ; ex- 
ternal margin 
straight. 

Hind femur very slen- 
der. 


Crinita. 

Head strongly projects 
above pronotum. 

Prons strongly oblique, 
convex. 

Prozona of pronotum 
constricted, its lateral 
margin between sulci 
feebly gibbose ; meta- 
zona smooth. Median 
carina in profile inter- 
rupted by three sulci. 


Elytron long, narrow. 
Vena intercalata sinu- 
ate, at apex approxi- 
mating radialis pos- 
terior. Reticulation 
very sparse. 

Wing narrow; external 
margin almost 
straight. 

Hmd femur moderately 
slender. 


Thalpomena algeriana algeriana (Lucas). (Figs. 15, 21, 22, 29, 47, 49.) 

1849, Oedipoda algeriana Lucas, Expl. Alg. 8 : 34. 

1884, Thalpomem (dgeriam Saussure, Mim. 8oc. Oen^ve, 28 ; 184. 

1910, Thalpomem algeriam Kirby, Gal. Orth. 8 : 246. 

cJ. Very robust, particularly in the thorax. Frontal ridge feebly constricted below 
the ocellus, weakly narrowed to the apex. Pastigium broad, with strongly curved 
carinae. Pronotum above flat, long; lateral margins straight, divergent backwards. 
Median carina in profile almost straight. Metazona acutangulate, twice as long as prozona. 



Figs. 1-14. — (1~4) Head in profile : (1) Thalpome/na algeiianci (Lucas) ; (2) Psmdocdes 
oedipodioid€S I. BoL ; (3) Cophotylus sUindachneri Krauss ; (4) Crinita hirtipes (Uv.). 
(6-7) Hind femur : (6) Cophotylus steindochneri Krauss ; (6) Pseudocdes oedipo- 
dioides I. Bol. ; (7) Thalpomena algeriana (Lucas). (8-11) Elytron : (8) Thalpomma 
(dgeriana ; (9) Pseudocdes oedipodioides I. Bol. ; (10) Cophotylus sUindachneri Krauss ; 
{ll) Crinita hirtipes (Uv.), (12-14) Wing; (12) Thalpomena algeriana (Lucas); 

(13) Pseudocdes oedipodioides I. Bol, ; (14) Cophotylus steindadhneri Krauss. 
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Lower margin of lateral lobe sinuate. Elytra abort, broad, ratio of length to width 4*3 ; 
membrane hard, non-transparent. Wing short, broad, external margin very convex. 
Hind femur short, broad, ratio of length to width 2 • 7. Hind knee short, broad, with 
short upper lobe. Subgenital plate short, suboonical, obtuse at the apex. Body not 
pilose. 

Coloration dirty yellow ; elytron with scattei-ed small brown spots ; wing at the 
base pink, with a dark narrow fascia and a narrow basal ray ; apical lobes not darkened. 
Inner side of hind femur black, with pale fascia in front of the knee ; above and outside 
with two indistinct dark fasciae. Hind tibia dirty yellow. 

9 (Cotype). As the male, but larger and moi*e robust. Ovipositor short, valvae fine, 
strongly curved. Lower valve with large rounded projection on the external side. 

Length of body, cJ 16, $ 21 ; pronotum (J 37, 9 64 ; elytron, cj 9 16*5 ; hind femur, 

c? ? 12. 

Algeria : Kouba, 1 $ (cotype). Alger, 1 1 $. 

The female, kindly presented to the British Museimi by Dr. L. Chopard, 
is one of the long and very uniform series in the Paris Museum, used by Lucas 
when describing the species. This cotype made it possible to establish beyond 
doubt the subspecies Thalponmm algeriana algeriam (Lucas). 

Thalpmifyem algeriam intermedia subsp. n. (Figs. 10, 30.) 

cJ (Type). Less robust than Th. alg. algeriana. Fastigium of vertex broad, earinae 
tnore weakly curved than in the typical subspecies, but rather narrow ed to the apex. 

Coloration dirty yeUow greyish . Elytron with small indistinct s]K)ts. Basal disc of 
wing hyaline rose ; fascia broader, less clear ; ajiical lobes obscure. Jn other respects as 
typical subspecies. 

Length of body 14-5 ; pronotum 3-6 ; elytren 16 ; hind femur 9. 

9 (Paratype). Similar to male, but larger. ()vij) 08 itor as in Th. alg. aUjermna. 

Length of body 20-6 ; pronotum 5 ; elytron 18 ; hind femur 11. 

Algeria: Oran, 5 8.x. 1882, 2 ; 8 25. i. 1883, 3 ^ (including type); 

25. i, 26.iii, 7.viii.l883, 5 9* Hammam Khira, v.1908; v.1911, iv.I9l2, 
13. V. 1913, 2 (J, 3 9 {Rothschild arid Ilarterl), El-Gehra station, S. of (Vm- 
stantine, 2.viii.l939, 1 ?. Boghari, 28. ix. 1937, 1 9 (^- Korsal'off). 

This subspecies includes intermediate forms coniK^cting neighbouring sub- 
species. As a subspecies, Th. alg. internhedia is the least definit(‘ of all, but 
cannot be united with any other subspecies. 

Thalpmnena algeriam montana subsp. n. (Figs. J7, 31.) 

(J Cl'ype). Smaller and less lobust than Th. alg. algeriam. Fastigium of vertex 
broad, with strongly angulate curved earinae. Elytron short, broad, ratio of length to 
width 4. Wing short, very broad, external margin very convex, apical lobes broad. 

Coloration dark grey, almost black. Elytron without spots. Basal disc of wing 
intense but not clear rose, with distinct dark fascia and basal ray ; aj)ical lobes inf innate, 
in other features not different from typical subspecies. 

Length of body 15 ; pronotum 3*5 ; elytron 14 ; hind femur 8-3. 

9 (Paratype), As the male, but larger. Ovipositor more massive. Lower valvi‘ 
with obtuse projection on the external margin. 

Length of body 23 ; pronotum 4-7 ; elytron 16 ; hind femur 9-7. 

Algeria; Ohrea, nr. Blida, 1500 m., 26. v. 1938, 3 ^ (includmg type), 
2 $ (B. 1\ Uvarov). Aures Mts., 20-21 .iv. 1937, 1 (?, 1 $ (A. 11. G. Alston). 
Aurcs Mts., Batna to Lambese, vi.1939, 1 (J {M. N. Korsakojf). Hants 
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Plateaux, Trolarel Taza, 1100 m., ‘iS.viii-S.ix.lOSS, 3 (J (M, A, VolJconslcy). 
Nr. Adekar, 20. iv. 1937, 1 cj (A, //. G. Alston and N. D. Simpson), Djurjura 
Mts., 29. iv. 1937, 1 9 {A, //. G, Alston and N, D, Simpson), Tablat, 900 m,, 
xi.l935, J 9 (M, N. KorsaTcoff), Djebel Adar, Amellal, 1 9- 

This subspecies occurs on higher mountains (approximately 1500 m.) than 
the typical subspecies. At lower altitudes Th, alg, montana presents a form 
transitional to neighbouring subspecies. 

Thalpomena algeriana maroccana subsp. n. (Figs. 18, 32.) 

cJ (Type). Larger but less robust than t 37 jical subspecies. Fastigium with less curved 
carinae. Elytron relatively longer, ratio of length to width 4 * 6. Wing with more broad 
ajiical lobes. Hind femur somewhat narrower than in typical subspecies, ratio of length 
to width 2 • 8. 

Coloration dirty brown. Elytron with small dark spots. Basal disc of wing intense 
but not clear rose, with dark, broad fascia and broad basal ray ; apical lobes obscure. 

In other respects as the typical subspecies. 

Length of body 18 ; pronotum 4*1 ; elytron 16 ; hind femur 9*8. 

$ (Paratype). Ab the male, but larger. Ovipositor less slender than in typical sub- 
species. 

Length of body 22 ; pronotum 5 ; elytron 18*5 ; hind femur 11*4. 

Spanish Morocjco : Xauen Alto, vi.l922, 1 (tyf)e) (Escalera), Jebel 
Uorsa, El Jlaus Jebala, v.1941, 2 9 (^^'- Morales), Jebel Mago, El Ajmas 
Jebala, vi.l930, 1 (C, Bolivar), Tctuan, 1 9* 

The type is in tin* Instituto Kspahol de Entomologia ; a pair of paratypes 
in the British ]Mus<*um. 

Thalpomeha vni'dipenais Uvarov. (Figs. 20, 27, 28, 48.) 

1927, Thalpowma algeriana ah. viridipennis Uvarov, Bull. Soc. Sci. nat. Maroc. 7 : 207. 
1938, Thalpomeim algeriana ab, flavipennis Chapman, Proc, H. ent. Soc. Land. (B) 7 : 100. 

^ (Paratyjxs). Frontal ridge weakly constricted below the ocollu'^, feebly narrowed 
at the apex. Fastigium of vertex broad with roundly curved carinae. Pronotum long, 
above flat ; lateral margins straight, little divergent (almost jmrallel). Median carma 
strongly convex in front of the first sulcus, straight in the rest. Posterior angle of meta- 
zona acute. Metazona twice as long as prozona. Lover margin of lateral lolie sinuate. 
Elytron broad, ratio of length to width 4*3. Membrane hard, non-transparent. Wing 
short, broad, external margin strongly convex. Hind femur broad, ratio of length to 
width 3 1. Hind knee short, broad ; uiiper lobe feebly elongate. Subgenital plate sub- 
conical, in jirofile concave Ix^hind, obtuse at the apex. 

Coloration dark brownish grt‘y. Elytron without spots. Basal disc of wing bluish 
gmm, fascia dark, broad, with a basal ray. Hind femur black inside, with pale fascia 
in front of the knee ; above with two indistinct dark fasciae. 

Length of body 16 ; pronotum 4 ; elytron 15 ; hind femur 9 1. 

Mobocco : Fez, Djebel Zalagh, 25.iii.1923 (SchuUhess), 

? (Type). As the male, but larger. Ovipositor short, more robust than in other 
species ; lower valve with rounded projection on the external side. 

Lengt/h of body 25 ; pronotum 5 *5 ; elytron 20 ; hind femur 12. 

Morocco : Azroii {Alluaiid), 

This species differs sharply from others in the median carina, which is 
strongly convex in front of the first sulcus. 




Figs. 15-32. — (15-20) Head: (15) Thalponiena algertatui alg&tuim (Lucas); (10) T, 
algeriana ivlermedui subsp. n. ; (17) T, algermna nwntana subsp. n. ; (18) T, algtriam 
maroccmut subsp. n. , (19) rungsx sp. n. ; (20) T. viridtpennis Uv. (21) T, ah 
qeriana algeruxm (Lucas). Pronotum m profile. (22) Ditto. Pronotum aliovo. 
(23) Thalponiena coendejicens Uv. Pronotum in pjofile. (24) Ditto. E*i’onotuni 
fibove. (25) Thalpomena azureipennis Uv. Head above. (26) T, ( oerulcipennis 
Pinot. Head abo\e. (27) T, viridipennia Uv. Pronotum m profile. (28) Ditto. 
Pronotum above. (29-32) Wing : (29) Thalpomena algermna algeriana (Lucas) ; 
(30) 1\ algermna intermedta subsp. n. (31 ) T, algermna montana subsp. ii. ; (32) T, 
algermna maroccana subsp. n. 
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Figs. 33-60. — (33) Thalpomena deaerta sp. n. Head above. (34) T, azureypennia Uv. 
Pronotum in profile. (35) Ditto. !^notum above. (36) Thalpomma coendeacena 
Uv. Head al^ve. (37) T, coendeipennia Finot. Pronotum in profile, (38) Ditto. 
Pronotum above. (39) Thalpomma deaerta sp. n. Wing. (40) Ditto. Pronotum in 
profile. (41) Ditto. Pronotum above. (42) T, coervJteipennia Pinot. Wing. (43) 
T. mmgai sp. n. Wing. (44) T. viridipennia Uv. f. mridipennia. Wing. (46) T, 
viridipennia f. faaciata. Wing. (46) T, viridipennia f. nigra. Wing. (47) T. 
algefiana algeriana (Lucas). Subgenital plate. (48) T, viridipennia Uv. Ditto. 
(49) T. algeriana aJgeriana (Lucas). Ovipositor. (60) T, deaerta sp. n. Ditto. 

TBAHS. R. BNT. 80C. LORD. 100. PART 13, (dBO. 1949) ]5§ 
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On wing coloration and the form of fascia Th. mridipennis can* be divided 
into five forms. The taxonomic significance of these forms is not yet clear, 
and possibly they will be considered as separate subspecies when their dis- 
tribution is better known. 

1. Forma viridipennia, (Fig. 44.) Fascia broad, scarcely reaching hind margin of 
wing, without basal ray or with a weak projection instead of the ray. Basal disc of wing 
light greenish, sometimes with yellowish tinge. (The type of the species belongs to this 
form.) 

Morocco : Middle Atlas Mts. Azrou, 4400 ft., vi.l936, 1 $ {K, IL Chap- 
man and 6r. A. Bisset). Middle Atlas, Timadit, v.1925, 1 (J, 2 $ (Escalera). 
Chella, xi, 1 $ (Man6e M.). 

2. Forma fasciata. (Fig, 45.) Wing fascia broad, scarcely reaching hind margin, 
with distinct, strong basal ray. Basal disc of wing greenish, of more intensive tint than 
of the first form. (The paratjrpe (J belongs to this form.) 

Morocco : Middle Atlas, Aguelman Sidi Ali ou Mohammed, 6600 ft., 
vi . 1936, 1 $ {K, IL Chapman and G, A, Bisset), Fez, Djebel Zalagh, 25 . iii . 1 923, 
2 (J (Schulthess). Spanish Morocco : Xauen Alto, v. 1922, 3 (J, 5 ? {Escalera), 
Xauen, El Ajmas Jebala, 9-1 3 . v . 1932, 1 cJ, 3 $ {Escalera). Zoumi, 24 . ix . 1931 , 

1 Jebel Dersa, El Hous Jebala, v.l941, 2 (J, 2 9 {E. Morales). Lechab, 
V.1941, 2 9 Morales). Jebel Mago, El Ajmas Jbala, vi.l930, 1 (^, 1 9 
{C. Bolivar). H. Kasdir, vi. 1941, 1 9 {J^- Morales). Zoco Tlata, Ketama, Rif, 
vi.l930, 1 9 Bolivar). Bab Ruadi, Beni Siyyel, vi.l932, 2 (J, 1 9 {C* 
Bolivar). Uad Lau, Beni Hassan Jebala, viii.1938, 1 9 {Escalera). Bab 
Hoanas, B. Seyel-Gomare, vii.1941, 1 9 Morales). 

3. Forma nigra. (Fig. 46.) Fascia reaching to the hind margin of wing and occupying 
the whole outer part and apical lobes of the wing. Basal disc of wing light bluish -greenish. 

Morocco : Middle Atlas Mts., Azrou, 4400 ft., vi.1936,,2 {K. H. Chap- 

man and G. A. Bisset). Middle Atlas, Aguelman Sidi Ali ou Mohammed, 
6500 ft., vi.l936, 1 cJ {K. II. Chapman and G. A. Bisset). Lechab, v.l941, 

2 1 9 {E- Morales). Tizi Taka, Beni Seddat, Rif., v.1920, 2 (;J, 1 9 {C. 
Bolivar). 

4. Forma angusta. Fascia of wing as in f. fasciata, but rather narrow (in male diffuse). 
Basal disc of wing bluish. Veins of wing dark (this character is not found in other forms). 

Morocco: Melilla, xii.1941, 1 9 Padro). Ixmoart, Beni Sicar, 
Melilla, 1 (J, 1 9 (-4- Padro). 

5. Forma fiavipennis. Fascia of wing as in f . fasciata.. Basal disc of wing ochraceous. 
General coloration pale. (To this form belongs ab, flavipemnis described by Chapman.) 

Morocco : Ifrane, 26. ix. 1936, 1 9 {K, II. Chapman). Beni Ahmed, 1 9- 

Between f. nigra and i. fasciata there are transitions which the other forms 
do not present. 

Thalpomena azureipennis Uvarov. (Figs. 25, 34, 36.) 

1927, TJudpomena algeriana ab. azureipennis Uvarov, Bull. Soc. 8ci. nat. Maroc. 7 : 207. 

<J (Paratype). Frontal ridge weakly concave below the ocellus. Fastigium of vertex 
narrow, with weakly curved carinae. Pronotum flat above ; lateral margins straight. 
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divergent, in prozona, between sulci, scarcely gibbose. Median carina in profile almost 
straight, scarcely convex in the front of the first sulcus, Metazona 2 * 1 times as long as 
prozona, posterior angle right. Lower margin of lateral lobe sinuate. Elytron broad, 
ratio of length to width 4 • 7. Wing broad, external margin convex. Hind femur broad, 
ratio of length to width 3*1. Hind knee broad, with short upper lobe. Subgenital plate 
short, apex obtuse and slightly recuiwed. 

Coloration grey brownish. Elytron without spots. Basal disc of wing azure blue, 
with short diffuse fascia, without ray, apex slightly infumate. Hind femur inside dark 
with two pale fasciae, basal one indistinct, the second, in front of the knee, sharp ; above 
and outside with two indistinct dark fasciae ; inside of knee dark. Hind tibia above 
greyish yellow with dark indistinct ring in the middle nearer to base. 

Length of body 17 ; pronotum 4 ; elytron 16 ; hind femur 9. 

9 (T’yP®)* As the male, but larger. Carinae of fastigium less sharp. Ovipositor 
short, valvae weakly incurved ; lower valva with rounded projection on the external side. 

Length of body 25 ; pronotum 5*1; elytron 21 ; hind femur 11*5. 

Morocco : Grand Atlas, Hte. Reraya (Alluaud), 1 c?, 1 $ (type). Upper 
Reraya, 24. vi. 1930, 1 

Thalpomena eoemleipennis Finot. (Figs. 26, 37, 38, 42.) 

1S95, Thaljmnena alge.ria'iui var. coeruleipen^nSf Finot, Ann, Soc, ent, Fr, 64 : 451. 

9 (Cotype). More slender and smaller than Th. algeriarui. Frontal ridge constricted 
below the ocellus, considerably narrowed to the apex. Fastigium short, broad with 
sharjdy angulate curved carinae. Pronotum long ; lateral margins in prozona between 
sulci slightly gibbose and ruguloso ; metazona flat, its lateral margins scarcely convex. 
Median carina in profile almost straight. Metazona 1 • 9 times as long as prozona : 
posterior angle right, its ai)ex acute. Lower margin of lateral lobe strongly sinuate. 
Elytron relatively narn>w, ratio of length to width 4-9. Membrane semi-transparent, 
coloured. Wing not very broad. Hind femur relatively narrow, ratio of length to width 
3 *2. Hind kntxi slender, upper lobe elongate. Ovipositor short, valvae fine, strongly 
curved ; lower valva with small projection on the external side. 

Coloration brown. Elytron with the small, indistinct, dark spots. Basal disc of w^ing 
hyaline bluish with greenish tint ; fascia dark, infumate, with basal ray ; apical lobes not 
infumate. Hind femur inside black, with pale fascia in front of the knee ; above with 
two indistinct dark fasciae. Hind tibia brown, with two light rings. 

Length of body 19 ; pronotum 4 ; elytron 17 ; hind femur 11. 

A 1 ..UERIA : Tlemcen, 15.iv.l88(), 2 $ (Coll. Finot). 

The two females are from Finot’s original series in the Paris Museum. 

Thalpomena deserta sp. 11 . (Figs. 39, 40, 41, 50.) 

cj (Type). Less robust than other species of the genus. Frontal ridge constricted 
below the ocellus, considerably narrow'cd to the apex. Fastigium long, narrow^ with 
weakly curved carinae. Pronotum above flat ; median carina almost straight, in profile 
slightly raised between second and tliird sulci ; lateral margins in prozona beew^een sulci 
slightly gibbose, in metazona convex and divergent, metazona 1 • 9 times as long as pro- 
zona, posterior angle right, its apex obtuse. Lower margin of lateral lobe sinuate. 
Elytron relatively narrow, ratio of length to width 4*6. Reticulation of membrane less 
dense than in other species. Wing short, external margin less convex than in other species, 
apical lobe relatively narrow. Hind femur comparatively narrow, ratio of length to 
width 3*4. Hind knee short, not broad, upper lobe slightly elongate. Subgenital plate 
short, Buboonioal, apex obtuse. 
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Coloration pale dirty yellow. Elytron with scattered small dark spots. Wing light 
rose at the base with indistinct infumate &scia and basal ray. Hind femur inside black 
with pale fascia in front of the knee ; above with two indistinct dark fasciae. Hind 
tibia dirty yellow with dark rings on the middle and at the apex. 

Lower surface of the body with dense long pilosity. 

Length of body 17 ; pronotum 3*5 ; elytron 16 ; hind femur 9*7. 

$ (Paratype). Like the male but larger. Ovipositor very short and slender. Lower 
valva with rounded tooth on the external side. 

Length of body 23 ; pronotum 4*6 ; elytron 21 ; hind femur 11*6. 

Algeria: Djelfa, 3-10. x. 1938, 19 (including type), 22 $ {M. N, 
Korsakoff). 

The wing fascia has a tendency to disappear and there are specimens 
without a fascia. 


Thalpomena rungsi sp. n. (Figs. 19, 43.) 

^ (Type). Frontal ridge slightly constricted below the ocellus, narrowed to the 
apex. Fastigium long, widened at the apex ; carinae at the apex curved. Pronotum 
flat ; median carina in profile almost straight, slightly raised between second and third 
sulci ; lateral margin of prozona between sulci slightl}’' gibbose ,* metazona twice as long 
as prozona, its lateral margins straight, divergent, posterior angle right, its apex acute ; 
lower margin of lateral lobe slightly sinuate. Elytron long, ratio of length to width 
4 * 7. Hind femur relatively long, ratio of length to width 3 * 3. 

Coloration blackish dark grey ; elytron without spots ; basal disc of wing rose, 
slightly matt, with dark fascia without basal ray, narrow stripe on the basal part of wing 
along anterior margin hyaline blue. Hmd femur inside black with light fascia in front of 
the knee. Hind tibia bluish. 

Length of body 18*5 ; pronotum 4 ; elytron 16*6 ; hind femur 9*9. 

? (Paratype). Like the male, but larger. Ovipositor as in Th. dMeria, but more robust . 

Length of body 22*5; pronotum 4*8; elytron 20 ; hind femur 11*6. 

Morocco- Gr. Atlas, Taddert, 10. vi. 1934, 1 ^ (type), 1 $ (C. Rungs). 
13. vi. 1942, 1 $ (E. Morales). Gr. Atlas, Tizi Tichka, 2000 m. 12. vi. 1942, 
1 $ (E. Morales). 

Tlmljmnena coerulescens Uvarov. (Figs. 23, 24, 36.) 

1923, Thalpomena coendeacens Uvarov, Novit. Zool, 80 : 65. 

Small, slender. Frontal ridge feebly constricted below the ocellus, narrowed at 
the apex. Fastigium narrow, with weakly curved carinae. Pronotum short; median 
carina in profile slightly concave ; lateral margin of prozona between sulci gibbose ; 
metazona 1*5 times as long as prozona, its lateral margins convex and strongly divergent ; 
posterior angle obtuse, its apex rounded ; lower margin of lateral lobe almost straight. 
Elytron long, narrow, ratio of length to width 5*1; apical third subpellucid with reticula* 
tion as in Th. deserta. Wing rather more elongate than in other species, with less convex 
external margin. Hind femur relatively narrow, ratio of length to width 3*4. Hind 
knee narrow, upper lobe elongate. Subgenital plate short, suboonical, obtuse at the 
apex. Body with long pilosity. 

Coloration yellowish grey ; elytron with small, indistinct, scattered spots. Basal disc* 
of wing pellucid light blue, without fascia. Hind iemur inside black with pale fascia in 
front of the knee ; above with two indistinct dark fasciae. Hind tibia dirty yellow with 
indistinct dark ring between base and middle. 



(Orthoplera, Aorididae) and Us tdUes 


376 


Length of body 16* 6; pronotum 3-2; elytron 17; hind femur 8-3. 

? (XjTPo). Aa the male, but larger. Ovipoaitor short, valvae stHmgly curved ; lower 
valva with tooth on the external side. 

Length of body 23 ; pronotum 4-2 ; elytron 20 ; hind femur lO- 1. 

Algebia : Djelfa, 3-4. x. 1937, 4 cJ (includmg (J on which the re-description 
is based), 29 . Bou-Saada, 6-10. x. 1937, 6 cj, 6 $ (M. iV. iSTorsafe#). South 
Oran, Ain Sefra, 1-18. v. 1913, 1 $ (type). 

Morocco : Grand Atlas, Ais el Hadj, 1 (J, 1 9 . Marrakech, 1 $. Tagh- 
jicht, Draatrane, 6.iv.l942, 1 (J, 1 9 {E. Morales). Gr. Atlas, Tizi N’test, 
2100 m. 31.iii.l942, 2 (J, 1 9- Larache, 1 (J, 1 9 {Esccilera). Tiznit, 
21. vi. 1943, 1 9- El Aioum Du Draa, 6.vi.l942, 2 ^ {E. Morales). Ifni, 
Zoco Tlata Sboya, 20.x. 1941, 1 9 (E. Morales). Saharlen, el Aioun, Draa, 
8.ix.l941, 1 9. 

Tunisia : Maknassy, 1 (J, 2 9, 1929 (C. Dmnord). 

Pseudoceles I. Bolivar. (Figs. 2, G, 9, 13.) 

1889, Pseudoceles I. Bolivar, Ann, Soc, ent, Belg, 43 : 593. 

1887, Thalpomena Saiisaure (partim), Mim, 8oc„ Genk^e, 28 : 184. 

1930, Thalpomena, Uvarov, Eos 6 : 370. 

Type. Pseudoceles oedipodioides I. Bol., 1889. 

Of medium size, more slender than Thalpomena. Head in profile projects above pro- 
notum. IVons oblique, straight. Frontal ridge slightly concave at the ocellus, with a 
weak constriction or without one; at the apex feebly narrowed. Foveole of vertex 
concave or flat, irregularly triangular. Fastigium of vertex elongate, with sharp lateral 
carinae. Pronotum in prozona subcylindrical with slight constriction, in metazona flat 
or convex ; lateral margins divergent, in prozona between sulci gibbose, median carina 
thin, in profile straight or feebly concave, interrupted by two sulci ; posterior angle of 
metazona right or obtuse. Elytron long, ratio of length to width 4-5-5 ; apex rounded. 
Vena intercalata distinct, straight, parallel to the radialis posterior. Wing with feebly 
convex external margin ; basal disc coloured usually with a dark fascia. Hind femur 
moderately long, not broad. Subgenital plate of male short, subconical, apex obtuse. 
Ovipositor short, slender, valvae incurved ; lower valva with a projection on the external 
margin. 

Uvarov (1930) has synonymized Psetidoceles with Thalpmhena, obviously 
because the latter genus has been too widely interpreted, and I consider it 
necessary to restore it for a number of Western Asiatic species which form a 
group quite distinct from the true Thalpmnena of N.W. Africa. 

Key to species of Pmdoceles, 

1 (2). Metazona of pronotum in profile strongly convex ; posterior 

angle right, with acute apex (figs. 75, 90) ... . uvarovi sp. n. 

2 (1). Metazona of pronotum in profile straight or slightly convex ; 

posterior angle right or obtuse. 

3 (6). Basal disc of wing yellow. 

4 (5). Fastigium of vertex regularly oval ; its carinae convergent at 

apex and at base (fig. 82). Prozona of pronotum smooth, 
weakly gibbose between sulci or the lateral margin (fig. 81) 

turcicus sp. n. 

5 (4). Fastigium widened to apex ; its carinae divergent to apex and 

to base (fig. 74). Lateral margin of prozona between sulci 
strongly gibbose and rugulose (fig. 78) . . . ledereri (Saussure). 
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6 (3). Basal disc of wing not yellow. 

7 (12). Hind tibia rose above. Basal disc of wing light rose. 

8 (9). Fastigium almost regularly oval (fig. 53). Prozona of the pro- 

notum considerably narrower than metazona, posterior 
angle of metazona acute (fig. 58). Anterior margin of lateral 
lobe of pronotum straight (fig. 92) palaestinus sp. n. 

9 (8). Fastigium narrowed to the apex, its carinae irregularly curved 

(figs. 55, 61). Anterior angle of pronotum in profile acute, 
strongly projecting forwards (figs. 84, 87) ; prozona rather 
narrower than metazona (figs. 60, 66) ; posterior angle of 
metazona obtuse. 

10 (11). Lateral margin of prozona between sulci slightly gibbose ; in 

metazona strongly divergent, straight (fig. 60). Width of 
lateral lobe of pronotum almost equal to its height (fig. 87) 

zangezuri sp. n. 

11 (10). Lateral margin of prozona between sulci strongly gibbose and 

rugulosc ; in metazona weakly divergent, convex (fig. 66). 

Height of lateral lobe of pronotum 1*5 times the width (fig. 84) 

armeniacus sp. n. 


12 (7). Hind tibia bluish. 

13 (14). Metazona of pronotum more than twice as long as prozona (fig. 

70) ; lateral margins of metazona strongly divergent ; anterior 
margin of lateral lobe with projection on the middle (fig. 85) 

xnolaceus (Moritz). 

14 (13). Metazona of pronotum less than twice as long as prozona ; its 

lateral margins moderately divergent ; anterior margin of 
lateral lobe straight or weakly sinuate, without projection 
(figs. 96, 97). 

15 (16). Fastigium of vertex considerably broader at the apex than at 

the base (fig. 72) arpatchai sj). n 

16 (15). The apex of fastigium as broad as the base or narro\^er (fig. 64, 

51, 52). 


17 (18). Posterior angle of pronotum acute, with acute apex (fig. 69) ; 

lower margin of lateral lobe almost straight (fig. 97) tari sp n. 

18 (17). Posterior angle of pronotum right or obtuse, with the apex 

rounded or obtuse (figs, 56, 68). 

19 (20). Height of lateral lobe of pronotum more than 1*5 times its 

length (fig. 86) persa (Saussuic) 

20 (19). Height of lateral lobe of pronotum little more than or ecpial to 

its length (figs. 91, 93, 98). 

21 (24). Posterior angle of metazona of pronotum with rounded apex 

(figs. 68, 77). 

22 (23). Fastigium of vertex 2*5 times as Jong as broad (fig. 63). Meta- 

zonal process, in profile, very short (fig. 91) ; lateral margin 


of metazona convex (fig. 68) demavendi sp n. 

23 (22). Fastigium 1*5 times as long as broad (fig. 73). Metazonal 

process, in profile, short (fig. 98) ; lateral margin of metazona 
straight (fig. 77) . elbursisp. n. 

24 (21). Posterior angle of metazona with obtuse apex (57, 59, 79). 

25 (26). Basal disc of wing intensive red obscurua (Uvarov). 

26 (25). Basal disc of wing rose or blue. 

27 (28). Fastigium oval (fig. 54). Basal disc of wing rose 


oedipod hides 1. Bolivar. 
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28 (27). Fastigium with irregularly curved carinae (figs. 52, 62). Basal 

disc of wing bluish or indigo bluish. 

29 (30). Carinae of fastigium curved in their whole length (fig. 52). Pro- 

notum more slender (fig. 89) ebneri sp. n. 

30 (29). Carinae of fastigium in middle part straight (fig. 62). Pronotum 

less slender (fig. 88) popovi sp. n. 

Pseudoceles persa (Saussure). (Figs. 51, 56, 86.) 

1884, Thalpomena persa Saussure, Mim. Soc. Oeneve^ 28 : 184. 

(J. Frontal ridge slightly constricted below the ocellus, at the apex narrowed. Fasti- 
gium of vertex elongate, narrowed at the apex, with angulate curved carinae. Pronotum 
long ; median carina in profile almost straight ; lateral margin of prozona between sulci 
gibbose ; metazona flat, 2 • 2 times as long as prozona, its lateral margins convex, posterior 
angle right, its apex obtuse ; lower margin of lateral lobe strongly sinuated. Elytron 
long and broad, ratio of length to width 4-6; membrane thin, subpellucid, coloured. 
Wing long and broad, with external margin more convex than in the other species. Hind 
femur long, ratio of length to width 3 • 5. Hind knee with elongated upper lobe and deep 
excision. Subgenital plate short, subconical, obtuse. 

Coloration light brownish yellow ; elytron without spots ; basal disc of wing light 
rose, fascia indistinct, infuinate, apex slightly infumate. Hind femur inside black with 
pale fascia in front of the knee ; above and below with two indistinct dark fasciae, disap- 
pearing outside ; knee light brown. Hind tibia dirty blue with yellowish ring at the base. 

I-<ongth of body 18 ; pronotum 4 ; elytron 18 ; hind femur 10. 

As the male but larger. Carinae of fastigium less sharp. Ovipositor with strongly 
c’urvod valvae ; lower valva with large, rounded projection. 

Ixmgth of body 27 ; ])ronotum 6 ; ciytron 23 ; hind femui* 13 />. 

Persia : Elburs, Schalikuh, 1 q, 1 ^ ((^oll. Brunner v. Wattenwyl). 

The data on the lain*! of the male specimen described are the same as those 
given by Saussure in his work. Probably it is the type of this species, or at 
least one of cotypes. 

By its broad elytra and wings, P. persa differs strongly from other species of 
Pseiidocehs and may n‘present another genus. 

Pseudoceles ebneri sp. n. (Figs. 52, 57, 89.) 

j (Py])c). Frontal ridge concave at the ocellus, slightly constricted below it and 
w eakly nariDwed at the ai>ex. Fastigium of vertex long, strongly concave, with sharply 
angulate carinae. Pronotum long, narrow ; median carina in profile straight ; lateral 
margin of prozona, between sulci, gibbose ; metazona flat, twice as long as prozona, its 
lateral margins straight, fwbly divergent, posterior angle right, its margins slightly convex. 
Lower margin of lateral lobe sinuate. Elytron long, not broad, ratio of length to width 
4*7. Wing relativ<*ly long, with feebly convex external margin. Hind femur long, ratio 
of h‘iigth to width 3-5. Hind knee with little elongate upper lobe and broad excision. 
Subgenital plate short, subconical, obtuse at the apex. 

Coloration dark brown ; elytron without spots ; basal disc of wing indigo blue, 
fascia indistinct with basal ray, apex infumate. Hind femur inside black with light 
distinct fascia in front of the knee ; above and outside with two indistinct dark fasciae. 
Hind tibia above' indigo-bluish with indistinct dark ring between base and middle. Abdo- 
men above and below, towards apex, writh indigo-blue stripe. 

Length of body 17 ; pronotum 4 ; elytron 19 ; hind femur 11*7. 

$ (Paratype). As the male, but larger. Ovipositor short, valvae feebly curved ; 
lower valva with rounded projection on the external margin. 

Length of body 24 ; pronotum 5 ; elytron 23 ; hind femur 12*7. 
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Figs. 51-70.— {51--55) Head above : (61) Psevdocelea persa (Sauss.) ; (52) P, ebneri sp. ii. ; 
(63) P. palaestimis sp. n . ; (64) P. oedipodioidea I. Bol. ; (66) P. zangezuri sp. n. 
(60-60) Pronotum above : (66) Paeudoceles persa (Sauss.) ; (67) P. ebneri sp. n. ; 
(68) P. palaestinua sp. n. ; (69) P. oedipodiMea I. Bol. ; (60) P. zangezuri sp. n. 
(61-66) Head above : (61) Paeudoceha armeniacua sp. n. ; (62) P. popovi sp. n. ; 
(63) P. dermvendi sp. lu ; (64) P. tari sp. n. ; (66) P. molaceua (Moritz). (66-70) 
Pronotum above : (06) PaevdoceUa armeniacvs sp. n. ; (67) P. popovi sp. n. ; (68) P. 
demavendi sp. n. ; (69) P. tari sp. n. ; (70) P. vudaceua (Moritz). 
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Syria: Lebanon; Besharra-Baalbec Pass, 8750 ft., 20.viii.l944, 6 
(including type), 4 ?. Quadishab, 6000 ft., 20.viii.l944, 1 $ (H. B. Cott). 
Baalbec, 29.vii.1928, 2 (J, 2 $. Djebel Sannin, 16.vii.l928, 1 (J. Bscharre, 
Zederwald, 2050 m., 10.viii.l928, 2 2 $ {R. Ebner). 

Some paratypes are in the collection of Prof. R. Ebner in Vienna. 

Pseudoceles palaestinus sp. n. (Figs. 53, 58, 92.) 

<J (Type). Frontal ridge strongly concave below the ocellus, almost without con- 
striction. Fastigium of vertex strongly concave, oval. Pronotum long ; median carina 
in profile almost straight ; lateral margin of prozona between sulci feebly gibbose ; meta- 
zona fiat, 1*8 times as long as prozona, its lateral margins strongly divergent, slightly 
convex, posterior angle right, with acute apex and with slightly concave lateral sides ; 
lower margin of lateral lobe scarcely sinuate, almost straight. Elytron relatively long, 
ratio of length to width 5 ; membrane subpellucid, coloured. Wing long, with weakly 
convex external margin. Hind femur relatively short, ratio of length to wdth 3-3. 
Upper lobe of the hind knee feebly elongate, excision narrow. Subgenital plate short, 
subconical, slightly concave behind. 

Coloration dark brown ; elytron without spots ; basal disc of wing light rose, 
pellucid, with indistinct infumate fascia and basal ray ; apex slightly infumate. Hind 
femur inside dark, in front of the knee with pale fascia ; above and outside with two 
indistinct dark fasciae ; hind knee brownish ; hind tibia above rose. Abdomen abo\'e 
towards apex with a longitudinal rose stripe. 

Length of body 17 ; pronotum 3*7 ; elytron 17-7 ; hind femur 10. 

Palestine : Djebel Matrate to Wadi-d-Tawil, 1 (type) (F, S. Bodeu- 
heimer). 


Pseudoceles oedipodioides J. Bolivar. (Figs. 54, 59, 95.) 

1899, Pseudoceles oedipodioides 1. Bolivar, Ann, 8oc. ent, Belg. 43 : 593. 

1930, Thalponiena ledereri Uvarov (nec Saussure), Eos 6 : 370. 

(J. Frontal ridge without constriction, at apex narrower. Fastigium of vertex strongly 
concave, its carinae arcuate. Pronotum relatively long ; median carina in profile almost 
straight ; lateral margin of prozona between sulci strongly gibbose and rugulose ; meta- 
zona 1*6 times as long as prozona, smooth, its lateral margins moderately divergent, 
slightly convex ; posterior angle obtuse ; lower margin of lateral lobe strongly ainuatt*. 
Elytron narrow, obliquely truncate at the apex, ratio of length to width 4*9. Wing 
relatively narrow, external margin feebly convex. Hind femur relatively long, ratio of 
length to width 3*4. Upper lobe of the hind knee elongate, excision shallow. Subgenital 
plate short, subconical, obtuse at the apex. 

Coloration brownish grey ; elytron with dark, indistinct, scattered spots ; basal disc 
of wing dark rose, semi-transparent, fascia infumate, diffuse, with basal ray ; apex slightly 
infumate. Hind femur inside black with pale fascia in front of the knee ; above and 
outside with two dark indistinct fasciae ; hind knee inside black ; hind tibia above 
bluish. 

Length of body 18 ; pronotum 3*9 ; elytron 17 ; hind femur 10. 

Turkey : Kurdistan, Nimrud (38° 39' N., 42° 10' E.), 1908, 1 ^ (F, Oswald), 

Pseudoceles oedipodioides was described by I. Bolivar from a single female 
from Bimbogha-Dagh (38° 20' N., 36° 30' E.). The male is from a locality 
suiEciently near to the original and its characters agree with Bolivar’s descrip- 
tion. 
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Pseudoceles zangezuri sp. n. (Figs. 55, 60, 87.) 

cj (Type). Frontal ridge oonstricted below the ocellus, narrowed to the apex. Fasti- 
gium of vertex long, narrower towards apex, its carinae irregularly curved. Occiput with 
a Carina. Pronotum relatively broad ; median carina in profile almost straight ; lateral 
margin of prozona between sulci gibbose ; metazona flat, 1 • 7 times as long as prozona, its 
lateral margins straight and strongly divergent ; posterior angle right, its apex obtuse ; 
lower margin of lateral lobe feebly sinuate. Elytron relatively long, ratio of length to 
width 4 • 9. Wing elongate, its external margin slightly concave. Hind femur moderately 
long, ratio of .length to width 3 -4. Upper lobe of the hind knee elongate. Subgenital 
plate short, subconical, obtuse at the apex. 

Coloration brownish grey ; elytron with dark indistinct spots ; basal disc of wing 
hyaline rose ; fascia with basal ray, infumate, indistinct ; apex slightly infumate. Hind 
femur inside dark, with light fascia in front of the knee ; above and outside with two 
indistinct dark fasciae. Hind tibia above rose. 

Length of body 18 ; pronotum 4 ; elytron 17 ; hind femur 10 -5. 

9 (Paratype). Like the male but larger. Carinae of fastigium less strong. Ovipositor 
short ; lower valva with large obtuse projection on the external side. 

Length of body 23 ; pronotum 5 ; el3rtron 21 ; hind femur 13. 

Armenia ; Zangezur, prov. Megry (39"" 0' N., 46^ 0' E.), J4.vi.l925, 2 
(including type), I $ (M. Riahov), 

Pseudoceles armeniacus sp. n. (Figs. 61, 66, 84.) 

cJ ( I'ypc)* Margins of the frontal ridge almost parallel, slightly convergent at the 
apex. Fastigium of vertex long, narrowed towards apex, its carinae irregularly curved. 
Pronotum relatively narrow, median (jarina in profile slightly concave ; lateral margin 
of prozona strongly giblK)8e and rugufose between sulci ; sulci w'ith numerous branches ; 
metazona 1-9 times as long as prozona, its lateral margins strongly convex and feebly 
divergent ; posterior angle right, its ai>ex obtuse ; low er margin of the lateral lobe almost 
straight, its angles broadly rounded. Elytron long, ratio of length to width 4-6. Hind 
femur moderately long, ratio of length to width 3 -2. Upper lobe of the hind knee rather 
elongate. SubgenitaJ plate short, subconical. obtuse at the apex. 

(Coloration light brownish grey ; elytron with scattered dark spots ; basiil disc of 
wing light reddisli rose ; apex feebly infumate. Hind femur inside dark with light fascia 
in front of the knee ; above and outside with two indistinct dark fasciae. Hind tibia 
above rose. 

Ijength of lK)dy 10 ; pronotum 4 ; elytron 16 ; hind femur 9. 

$ (Paratype). Like the male but larger, Ijower valva of ovipositor with large, obtuse, 
ungulate projection on the external margin. 

Length of body 21 ; pronotum 5 ; elytron 21 ; hind femur 12. 

Armenia : Ainamly, 20.vii. 1925, 3 (including type), 3 ^ (M, Riabov), 

Pseudoceles popovi sp. n. (Figs. 62, 67, 88.) 

cJ (Type). Frontal ridge weakly concave and slightly constricted below the ocellus, 
narrowed tow ards ap(ix. Fastigium of vertex with feebly curved, in the middle part straight 
and parallel, carinae, and with a short basal carinula. Pronotum in profile almost straight, 
slightly raised in prozona in front of the first sulcus ; lateral margin of prozona betw^een 
sulci gibbose ; metazona 1 • 6 times as long as prozona, its lateral margins smooth, straight 
and moderately divergent ; posterior angle right, with obtuse apex ; lower margin of 
lateral lobe moderately sinuate. Elytron long, rounded at the apex, ratio of length to 
width 4-7. Hind femur moderately long, ratio of length to width 3 -2. Hind knee with 
short, broad upper lobe and weak excision. Subgenital plate short, subconical, obtuse 
at the apex. 



382 Dr. V. M. Dirsh on the genus Thalpotnena Saussure, 1884 

CoJoration brownish grey ; elytron with diffused small spots. Basal disc of wing 
light indigo blue, with indistinot infumate fascia and basal ray. Hind femur black inside, 
with light fiuKiia in front of the knee ; above and outside with two indistinct dark fasciae. 
Hind tibia bluish. 

Length of body 18 ; pronotum 4 ; elytron 16*6 ; hind femur 9*5. 

$ (P&mtype). Like the male, but larger. Lateral margin of prozona of pronotum 
between sulci less gibbose. Lower valva of ovipositor with rounded projection on the 
external margin. 

Length of body 26 ; pi'onotum 5*3 ; elytron 21*5; hind femur 13. 

Pebsia : Mountains N. of Tehran, 26. vii. 1943, cj (t)rpe), 1 ? (B. P. JJmrov). 
Foothills of Elburs, near Tehran, 9. vii. 1947, 1 (5, 2 ? (fi. F. Popov), 

Pseudoceles demavendi sp. n. (Figs. 63, 68, 91.) 

<J (Type). Frontal ridge feebly concave and scarcely constricted at ocellus, weakly 
narrowed towards apex. Fastigium with sharp, feebly curved oarinae, with an occipital 
carinula. Pronotum in profile almost straight ; lateral margin of prozona gibbose and 
rugulose between sulci ; metazona 1 * 7 times as long as prozona, above flat, its lateral 
margins convex, smooth and moderately divergent ; posterior angle obtuse, with rounded 
apex ; lower margin of lateral lobe sinuate. El 3 ?tron with slightly broadened anal area ; 
ratio of length to width 4*5. Hind femur relatively long, ratio of length to width 3-3. 
Hind knee with slightly elongate upper lobe and narrow, shallow excision. Subgenital 
plate short, subconical. 

Coloration brownish grey ; elytron with dark scattered spots. Basal disc of wing 
light reddish with infumate fascia and basal ray ; apex infumate. Hind femur inside 
dark, with light fascia in front of the knee ,* abov^ and outside with two dark fasciae. 
Hind tibia bluish. 

Length of body 19 ; pronotum 4 ; el 3 rtron 18 ; hind femur 10*5. 

$ (Paratype). Like the male but larger. Lateral maigin of prozona of pronotum 
between sulci less gibbose. Lower valva of ovipositor with tooth form projection on the 
external side. 

Length of body 24 ; pronotum 5*4 ; elytron 21 ; hind femur 13. 

Pebsia: Elburs, Rehne, 2000 m., 21. vii. 1936, 1 cj (type). Rehne- 
Demavend, 2700-3600 m., 21 .vii. 1936, 3 (J, 2 $ (iZ. Ebner), 

Type in the collection of Prof. R. Ebner, Vienna. One pair of parat)pe8 
in the British Museum. 

Pseudoceles tari sp. n. (Figs. 64, 69, 97.) 

cJ (Type). Frontal ridge feebly concave at the ocellus and weakly constricted below 
it ; narrowed towards apex. Fastigium of vertex with weakly curved not sharp carinae 
and with an occipital caiina. Pronotum relatively slender, in profile almost straight ; 
lateral margin of prozona between sulci weakly gibbose ; metazona 1*9 times as long as 
prozona, its lateral margins smooth and straight ; posterior angle right, with acute apex ; 
lower margin of lateral lobe weakly sinuate. Elytron with slightly broadened anal area, 
ratio of length to width 4*2. Hind femur moderately short, ratio of length to width 3*1. 
Hind knee with short upper lobe and shallow excision. Subgenital plate short, subconical, 
obtuse at the apex. 

Coloration brownish grey ; elytron with small, dark spots. Basal disc of wing light 
indigo blue, with indistinct infumate fascia and basal ray, apex infumate. Hind femur 
inside dark with light fascia in front of the knee ; above and outside with two dark indis- 
tinot fasciae. Hind tibia above bluish. 
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Length of body 16 ; pronotum 4 ; eljrtron 16*5 ; hind femur 9*5. 

$ (Paratype). Like the male but larger. Lower valra of ovipositor with large pro- 
jection on the external aide. 

Length of body 23 ; pronotum 5; elytron 22; hind femur 12 *2. 

Pbbsia : Elburs, Demavend, Lake Tar, 2200 m., 17.vii.l936, 1 ^ (type). 
2100 m., 14-16. vii. 1936, 1 <J, 3 ? {R. Ebner). 

Type in the collection of Prof. R. Ebner, Vienna ; one pair of paratypes 
in the British Museum. 

Two other females have the basal disc of the wing light rose (with slight 
violet tinge), and may be called f. roseipennis. In other respects they do not 
differ from the t 3 rpical form. 

Ps&udoceles violaceus (Moritz). (Figs. 65, 70, 85.) 

1928, Thalpomem perm ab. vioktcea Moritz, Aakhabad 8U Plant ProU : 41. 

1929, Thalpomena perm ab. violacm Uvarov and Moritz, Ann» Mag. not. Hist. (10) 4 : 535. 

(J (Paratype). Frontal ridge without concavity, feebly constricted below and widened 
above the ocellus, weakly narrowed towards apex. Fastigium long, narrowed towards apex, 
with the carinae sharp and a short basal cannula. Pronotum in prozona constricted, in 
metazona strongly broadened ; median carina in profile slightly raised in prozona and 
feebly convex in metazona ; lateral margin of prozona betw'een sulci gibbose and rugulose ; 
metazona 2*2 times as long as prozona, its lateral mai^gins smooth, straight and strongly 
divergent ; posterior angle right, with obtuse apex ; anterior margin of lateral lobe with 
rounded projection, lower margin sinuate. El 3 rtron narrow, slightly narrower at the 
apex ; ratio of length to width 5 * 3. Hind femur relatively long, ratio of length to width 
3*5. Hind knee with elongated upper lobe and weak excision. Subgenital plate short, 
suboonical, obtuse at the apex. 

(bloration light grey ; elytron with dark diffused spots. Basal disc of wmg fight 
violet, hyaline, with indistinct infumate fascia and basal ray ; apex slightly infumate. 
Hind femur inside black with a sharp fight fascia in front of the knee and incomplete 
fascia in the middle ; above with two indistinct dark fasciae. Hind tibia above bluish. 

Length of body 17 ,* pronotum 4 ; elytron 17 ; hind femur 9. 

$ (Paratype). Like the male, but laiger. Lower valva of ovipositor ivith angulate 
pixijection on the external maigin. 

Length of body 23 ; pronotum 5*3 ; el^iiron 22 ; hind femur 10. 

Transcaspia : Firuza, 25.viii.1927, 1 (J, 3 

Pseudoceles uvarovi sp. n. (Figs. 71, 75, 90.) 

1911, Thalpomena ledereri Ikonnikov {nec Saussure), Rev. rtiss. Ent. 11 ; 12. 

(J (Type), Frontal ridge scarcely concave and constricted below the ocellus ; feebly 
narrowed tow^ards apex. Fastigium of vertex long, strongly concave, its carinae sharp, 
sinuate ; occiput with median carma. Pronotum relatively robust ; median carina, in 
profile, in prozona straight, in metazona convex ; lateral margm of prozona between 
sulci sharply gibbose and rugulose ,* metazona twice as long as prozona, its disc strongly 
convex, lateral margins convex, smooth and strongly divergent ,* posterior angle right, its 
apex acute ; lower margm of lateral lobe weakly sinuate. Elytron hard, with denser 
loticulation than in other species ; ratio of length to width 4 *4. Hind lemur moderately 
long, ratio of length to width 3 *3. Upper lobe of the hind knee long, rounded at apex. 
Subgenital plate narrow, subcorneal, obtuse at the apex. 

Coloration brownish grey ; elytron with dark, indistinct, small spots. Basal dkc of 
wing pink, semi-transparent, with broad, dark, distinct fascia and basal ray; apex 
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slightly obscured. Hind femur inside dark, with light fascia in front of the knee ; above 
and outside witii two indistinct dark fasciae. Hind knee inside dark. Hind tibia dirty 
blue, with light ring at the base. 

Length of body 19 ; pronotum 4 - 8 ; eljdron 19 ; hind femur 11*5. 

$ (Paratype). Like the male but larger. Ovipositor short ; lower valva with strong 
angulate projection on the external side. 

Length of body 25 ; pronotum 6 ; elytron 23 ; hind femur 14. 

Transcaucasia: Georgia, Mzphet (near Tiflis), vi.l910, 2 (J (including 
type), 1 9 (Banhyoslcy). 2.vi.l915, 1 ^ (B, P, JJvarov), 

This common Transcaucasian species has always been incorrectly recorded 
in the past as Th, ledereri Saussure. 


Pseudoceles arpatchai sp. n. (Figs. 72, 76, 96.) 

$ (Tyjie). Frons in profile broadly rounded at the apex. Frontal ridge low ; below 
the ocellus impressed and slightly constricted ; above the ocellus slightly wideniKi ; 
narrowed towards apex. Foveolao of vertex flat. Fastigiurn short, feebly concave, 
broadened at the apex ; carinae obsolescent, oval curved, with short basal cannula. 
Pi’onotum relatively broad ; median carina weakly concave in profile ; lateral margin 
of prozona between sulci strongly gibbose ; inctazona flat, 1*9 times as long as prozona, 
its lateral margins smooth, slightly concave and moderately divergent ; posterior angle 
right, its apex obtuse ; lower margin of lateral lobe almost straight, scarcely sinuate. 
Elytron with stronger projection at the base of anterior margin than in other species. 
Ratio of length to width 4 • 7. Hind femur moderately short, ratio of length to width 3*1. 
Lower valva of ovipositor with strong angular projection on the external margm. 

Coloration pale brown, slightly reddish ; elytron reddish, with daik diffused sjiots. 
Basal disc of wing light rose, hyaline ; fascia with basal ray smoky, indistmet. Hmd 
femur inside dark, with two light fasciae. Hmd tibia above bluish. 

Length of lK)dy 23-5 ; pronotum 5 ; elytron 21 ; hind femur 12. 

Armknia : River Arpatchai, ix.l929, 2 ? (including type) {T, V, Weber). 

Pseudoceles elbursi sp. n. (Figs. 73, 77, 98.) 

cJ (Type). Frontal ridge feebly concave and with a slight constriction at the ocellus, 
narrowed tow ards apex. Fastigium of vertex broadened to the apt‘x with weakly sinuate 
carinae, and with an occipital carina. Pronotum relatively slender ; median carina in 
profile straight ; lateral margin of prozona between sulci strongly gibbose and rugulose ; 
metazona smooth, 1 * 8 times as long as jirozona, its lateral margms straight, moderately 
divergent ; posterior angle obtuse, short, with rounded apex ; lower margin of lateral 
lobe feebly sinuate. Elytron with shghtly broadened anal area ; ratio of length to 
width 4*6. Hind femur moderately long, ratio of length to width 3*4. Hind knee with 
short upper lobe and weak excision. Subgenital jilate short, subconical, strongly obtuse 
at the apex. 

Coloration greyish brown ; elytron with small dark spots. Basal disc of wing rose 
(with puiplish tinge), hyaline ; infumate fascia and basal ray very indistinct. Hind 
femur inside dark with a light fascia in front of the knee ; above with two indistinct dark 
fasciae. Hind tibia above bluish. 

Length of body 16 ; pronotum 3*7 ; elytron 16 ; hind femur 9*5. 

$ (Paratype). Like the male, but larger. Basal disc of wing more clear rose. Lower 
valva of ovipositor with large tooth on the external side. 

Length of body 21*5; pronotum 5 ; elytron 21 ; hind femur 12*2. 
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Persia : Elburs, Kendevan Pass, 3000 m., 3-9. vii. 1936, 2 ^ (including 
type), 1 9 (i2. Ebner), 

T)^e in the collection of Prof. R. Ebner, Vienna ; one male paratype in 
the British Museum. 

Pseudoceles ledereri (Saussure). (Figs. 74, 78, 83.) 

1884, Thalpomerui ledereri Saussure, M4m, 8oc, Oen^ve, 28 : 184. 

$. Frontal ridge slightly constricted below the ocellus, scarcely narrowed at the 
apex. Fastigium of vertex long, strongly concave, its carinae curved, divergent towards 
apex and towards base, and convergent between eyes. Pronotum relatively large, long ; 
median carina in profile almost straight ; lateral margin of prozona between sulci sharply 
gibbose ; metazona smooth, its lateral margins straight, strongly divergent ; posterior 
angle obtuse, its apex rounded ; lower margin of lateral lobe weakly sinuate. Elytron 
long, ratio of length to width 4*3; apical part slightly narrowed. Hind femur long, 
ratio of length to width 3 *2. Upper lobe of hind knee slightly elongate with a small 
t'xeision. Ovipositor short, slender ; valvae strongly curved ; lower valva with large 
rounded projection on the external side. 

(^oloration dirty brown ; elytron without spots, membrane light brown ; basal disc 
of wing muddy yellow, with a broad brown fascia and basal ray ; apex darkened. Hind 
femur inside dark, with two pale fasciae ; outside and above with one dark fascia. Hind 
knee dark. Hind tibia above bluish. 

Length of body 23 ; pronotum 5*2 ; elytron 20 ; hind femur 12. 

Turkey : Oiillole, Taurus, 1 $ (Coll. Brunner v. Wattenwyl, ex Coll, 
lioderer). 

Pseudoceles iurcicus sp. n. (Figs. 81, 82, 94.) 

$ (Type). Frontal ridge scarcely concave below the oc€*llus, without constriction, 
s(*arcely narn^wed towards apex. Fastigium of vertex regularly oval, its carinae not strong. 
Pronotum moderately broad ; median carina in profile straight ; prozona above smooth, 
its lateral margin botw^een sulci gibbose ; metazona twice as long as prozona, flat, smooth, 
its lateral margins straight, moderately divergent ; jK)8terior angle obtuse, with obtuse 
apex ; lower margin of lateral lolx* sinuate. Elytron with slightly broadened anal area ; 
ratio of length to width 4-7. Hind femur relatively short, ratio of length to width 3 1. 
Upper lobe of the hind knee short, excision shallow. Lower valva of ovipositor with large 
obtiisangulate projection on the external side. 

Coloration dirty yellow; elytron with brownish spots. Basal disc of wing yellow% 
semi-transparent, with broad infumate fascia and basal ray ; apex shghtly infumate. 
Hind femur inside dark, with pale fascia in fixmt of the knee ; above and outside with 
dark sharp fascia. Hind tibia above bluish, with dark and light rings in front of the 
base. 

Length of body 20 -5 ; pronotum 4 -7 ; elytron 19 ; hind femur 10-7. 

Turkey : Vilayet Mughia, Oidder Dagh, 2000 m., 5.viii.l947, 1 9 (P. fi. 
Davis), 


Pseudoceles obseurus (Uvarov). (Figs. 79, 80, 93.) 

1927, Thalpomena ledereri obscura Uvarov, Ann, Meu/, nat. Hist, (9) 20 : 198. 

<J (Paratype). Frontal ridge not concave, and weakly constricted below the ocellus, 
scarcely narrowed at the apex. Fastigium of vertex strongly concave with sharp, strongly 
curved carinae. Pronotum relatively long, slender ; prozona above and on the lateral 
margins between sulci strongly gibbose and rugulose ; metazona 1 • 6 times as long as 
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Figs. 83-98. — ^Pronotum in profile : (83) Pseudoceles ledereri (Sauss.) ; (84) P, armeniacus 
«p. n. ; (85) P. violac&as (Moritz) ; (86) P. (Sauss.) ; (87) P. zangezuri sp. n. ; 
(88) P. popovi sp. n. ; (89) P. ebneri sp. n. ; (90) P. uvaravi sp. n. ; (91) P. dema- 
cendi sp. n. ; (92) P. palaestinus sp. n. ; (93) P. obacurus (Uv.) ; (W) P. turcicus 
sp. n. ; (96) P. oedipodioides I. Bol. ; (96) P. arpatchai sp. n. ; (97) P. ton sp. n. ; 
(98) P. eJburai sp. n. 
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b'lGS. 99-118. — (99-101) Heaii above: (9!>) ('ophotybui fftHuidachuspi Kraiiss ; (1(K)) C. 
aurora (Karny) ; (101) C. iranicus sp. n. (102-104) Pronotum iii profile: (102) 
( 'oj)hotyltis stei?ula,rJineri Rraiiss ; (103) C, aurora (Karny) ; (104) C. iranicm sp. n. 
(105-108) Pronotum above : (106) Cophotylus stehidachneri Krauss ; (106) O, aurora 
(Karny); (107) C, iranicus sp. n. ; (108) C, splendena (Uv.). (109) Cophotylus 

splendens, Pronotum in profile. (110) Ditto. Head above. (Ill) 6\ steiridachneri 
Krauss. Anterior tarsus. (112) C. aurora (Karny). Ditto. (113) Crinita hirtipes 
(Uv.). Pronotum in profile. (114) C, nigripes (Uv.). Ditto. (116) G, hirtipes 
(Uv.). Head above. (116) ( 7 . nigripes (Uv.). Pronotum above. (117) < 7 . hirtipes 
(Uv.), Ditto. (118) C. nigripes (Uv.). Head above. 
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prozona, slightly raised, smooth, its lateral margins straight, moderately divergent; 
posterior angle obtuse, with acute apex ; lower margin of lateral lobe strongly sinuate. 
Anterior margin of elytron at the apex obliquely truncate ; membrane hard, not trans- 
parent ; ratio of length to width 4 • 6. Hind femur relatively short, ratio of length to 
width 3 • 3, Hind knee with slightly elongate upper lobe and not deep excision. 

Coloration dark, almost black ; elytron without spots. Basal disc of wing intense 
red, not hyaline, with dark fascia and ray ; apex obscure. Hind femur inside dark grey, 
with two light fascia, nearest to the knee more sharp ; above with two indistinct dark 
fascia. Hind tibia above bluish. 

Length of body 20 ; pronotum 4-5 ; el 3 rtron 18-3 ; hind femur 10*7. 

9 . Like the male but larger. Lower valva of ovipositor with right angular projection 
on the external side. 

Length of body 26 ; pronotum 5 ; elyti-on 20*5 ; hind femur 12. 

Caucasus: Daghestan, Chodo-Kolo to Gidalt, 20.vii.l924, 1 (J (para- 
type), 1 $. Rutul, 30.viii.l924, 2 $ (M, A, Riabov), 

Cophotylus Krauss. (Figs. 3, 5, 10, 14.) 

1902, Cophotylus Krauss, 8,B, Akad, Wise Wien, (6) 3 : 3. 

Type. Cophotylus steindcLcdineri Krauss, 1902. 

Of medium size, slender. 

Head in profile projects above pronotum. Krons strongly oblique, straight. Frontal 
ridge feebly impressed at the ocellus, with incdisiderable constriction, weakly nanowed 
at the apex. Foveolae of vertex indistinct. Fastigium long with not very sharp carinae. 
Prozona of pronotum sulxjylindrical, constricted ; its lateral margin gibbose between 
sulci ; metazona slightly convex, its lateral margins smooth, straigtit, strongly divergent. 
Median carina intenmpted by two or thre<‘ sulci. Posterior angle of metazona right or 
obtuse. Elytron long, narrow. Vena intercalata straight or feebly sinuate. Wing long, 
narrow, with straight external margin. Hind femur narrow, slender. Subgenital plate 
short, subconical. Ovipositor short, vith eui’ved valva(‘ ; low er valva with jirojection on 
the external side. 


Key to species of Vophotyhis. 

1 (4). Oariuae of fastigium of vertex regularly oval (tigs. 99, lol). 

2 (3). Smaller. Lower margin of lateral lobe of pronotum straight 

(fig. 102). Basal disc of wing red . . . stelndmhveri, KrauhS. 

3 (2). Larger. Lower margin of lateral lobe of pronotum strongly 

sinuate (fig. 104). Basal disc of wing blue .... iranicus sp. n. 

4 (1). Carinae of fastigium irregularly curved (figs. KM), 110). 

5 (6). Smaller. Carinae of fastigium angulate (fig. 1(X)). Lateral margins 

of metazona strongly divergent ; apex of posterior angle acute 
(fig. 106). Basal disc of wing red aurora (Karny). 

6 (5). Larger. Carinae of fastigium irregularly sinuate (fig. 110). 

Lateral margins of metazona slightly divergent ; apex of 
posterior angle obtuse (fig. 108). Basal disc of wing violet 

splendens (Uvarov). 

Cophotylus steindachneri Krauss. (Figs. 99, 102, 105, 111.) 

1902, Cophotylus steindachneri Krauss, S,B, Akad, Wiss, Wien (6) 3 : 3. 

This species was described on the basis of one male ; below will be found 
a description of the female. 
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$. Very slender, of medium size. 

Frontal ridge concave at the occUus, and weakly constricted, narrowed towards apex. 
Fastigium strongly concave, regularly oval, with relatively sharp carinae. Lateral margin 
of prozona of pronotum between sulci gibbose ; metazona smooth, twice as long as pro- 
zona, its lateral margins straight, strongly divergent ; posterior angle obtuse, with obtuse 
apex ; median carina interrupted by three sulci ; lower margin of lateral lobe straight, 
oblique. Anterior and posterior margins of el3d;ron straight ; ratio of length to width 
5*7. Vena intercalata slightly sinuate. Hind femur long, narrow, ratio of length to 
width 3*4. Hind knee with elongate upper lobe, slight excision and short lower lobe. 
The basal joint of anterior tarsus with broad and deep excision ; basal lobe rectangular ; 
lower lobe of the middle joint short, in profile acute at the apex. Lower valva of ovi- 
positor with a not very large projection on the external margin. Body with sparse long 
pilosity. 

Coloration yellowish brown ; elytra with small brown spots. Basal disc of wing 
light scarlet, hyaline, the rest of wing colourless. Hind femur inside pale with two indis- 
tinct dark fasciae. Hind knee dark. Hind tibia above dirty yellow. 

Length of body 25 ; pronotum 4-5 ; elytron 23 ; hind femur 11. 

Ajiabia : Aden, 300 ft., 24. xi. 1939, 1 9 (2'. M. Henry). 

Cophoiylm aurora (Karny). (Figs. 100, 103, 106, 112.) 

1907, Wenierella aurora Kamy, S,B. AJcad. Wiss. Wipm 116 : 355. 

Slender. Frontal ridge slightly concave and scarcely constricted at the ocellus, 
iiarro\STd towards ajM^x. Fastigium of vertex concave, with irregularly curved carinae and 
short Iwisal carinula. Pronotum rtdatively short and broad ; median carina interrupted 
by thiw sulci (one of them very often indistinct) ; lateral margin of prozona between 
sulci strongly gibbose ; m(*tazona twice as long as jirozona, slightly raised in jirofilc, its 
lateral margins simight and strongly divergent ; posterior angle right, with acute ajiex ; 
lower margin of latcTal lolx^ sinuate. Elytron long ; ratio of length to widtJi 5 • 5 ; vena 
intercalata feebly sinuate. Hind femur slender, ratio of length to width 3-3. Upper 
lobe of the hind knee short, lower lobc» narrow, excision shallow'. The basal joint of anterior 
l-arsus with short and narrow excision, tri-lobate, all lobes rounded ; lower lobe* of the 
middle joint in profile elongate, rounded at the a])ex. Body with sparse long pilosity. 

Coloration yellow ish brown ; elytron with small brown spots. Basal disc of wing 
light scarlet, hyaline, the rest colourless. Hind femur inside pale with two dark fasciae ; 
above and t)utside with two indistinct dark fasciae ; hind knee dark. Hind tibia above 
yellowish, with dark ring in front of the ajX'X and at the base, 

J-<tmgth of body 21 ; pronotum 4 ; elytron 20 ; hind femur 10. 

9. Like the male, but largcu’. Low er valva of ovipositor with small projection on 
the external side. 

L(*ngth of Ixidy 24 ; pionotum 4-2 ; elytron 22 ; hind femur 12. 

AN()L()-E(jyptiaN Sudan : Um Darag, ‘2-J 1 .vi. 1923, 15 12 $ (R. C. M. 

Darlimj). 

French Sudan : Middle Niger, Lake Horo. viii.1932, 1 ? (0. B. Lean). 

Cophotylus uplendem (Uvarov). (Figs. 108, 109, 110.) 

1933, ThaJponiena splendeus Uvarov, Trar. Inst. Zool. Acad. Sci. U.R.S.S. 1 : 198. 

cJ (Type). Frontal ridge concave and feebly constricted at the ocellus, weakly 
narrowed towards apex. Fastigium of vertex long, w'ith irregularly curved caiinae and a 
basal carinula. Pronotum relatively narrow ; median carina interrupted by two sulci ; 
lateral margin of prozona between sulci gibbose ; metazona flat, twice as long as prozona, 
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its lateral margins straight, slightly divergent ; posterior angle right, with rounded apex ; 
lower margin of lateral lobe convex. Elytron long, ratio of length to width 5*4. Vena 
intercalata straight, at the apex approximate to the radialis posterior ; membrane semi- 
transparent. Hind femur slender, ratio of length to width 3*5. Hind knee with short 
upper lobe and very short lower one. Subgenital plate short, suboonioal obtuse at the 
apex. 

Coloration pale yellowish ; elytron without spots. Basal disc of wing light violet, 
hyaline, the rest colourless. Hind femur inside black, with light fascia in front of the 
knee ; above with two indistinct dark fasciae ; knee dark. Hind tibia above bluish, 
with indistinct dark ring in basal part. 

Length of body 21 ,* pronotum 5 ; el 3 rtron 21*6,* hind femur 21 • 5. 

$ (Paratype). As the male but larger. Lower valva of ovipositor with small pro- 
jection on the external margin. 

Length of body 27 ; pronotum 6 ; elytron 25 ; hind femur 13. 

Baluchistajj : Urak Valley, 16 miles from Quetta, 7000 ft., 8.vi.l930, 
1 (? (l53T>®)* • viii . 1930, 1 , 1 $. Ziavav, Juniper forest, 7600 ft., 3 . v . 1930, 

I (? (W. H, Evans), Quetta, 23.vii-10.viii.1929, 1 ^ (J. W. Evans), 

Cophotylus iranicus sp. n. (Pigs. 101, 104, 107.) 

$ (Type). Slender, relatively large. Frontal ridge scarcely concave and scarcely 
constricted below the ocellus, narrowed towards apex. Fastigium long, oval, with not 
sharp carinae and with short basal carinula. Pronotum relatively long ; median oarina 
interi-upted by two sulci ; lateral margin of metazona between sulci gibbose ; raetazona 
flat, 2-1 times as long as prozona, its lateral margins straight, moderately divergent; 
posterior angle obtuse, with rounded apex ; lower margin of lateral lobe strongly sinuate. 
Elytron long, ratio of length to width 5 * 2. Vena intercalata straight, at the apex approxi- 
mate to the radialis posterior. Hind femur slender, ratio of length to width 3*7. Hind 
knee with rounded upper lobe ; low'er lolie shortened. Lower valva of ovi^wsitor with 
moderate projection on the external side. 

Coloration greyish ; elytron with dark small spots. Basal disc of wing light blue, 
hyaline. Hind femur inside black, with two light fasciae, the nearer to the base* incom- 
plete ; above and outside with two indistinct dark fasciae. Hind tibia above bluish. 

Length of body 25 ; pronotum 5-5 ; elytron 26 ; hind femur 14. 

South Persia : Deh-Bala, 29.vii.1936, 3 $ (including type) (II. E. Biggs). 

Crinita gen. n. (Figs. 4, 11.) 

Type. Thalpomena hirti'pes Uvarov, 1923. 

Of small or medium size, slender. Head in profile projects strongly above the pn)- 
notum, rather inflated. Frons oblique, convex. Frontal ridge with raised margins ; 
weakly concave below the ocellus, narrowed towards apex ; in profile slightly impressed 
in front of the fastigium. Foveolae of vertex flat. Fastigium elongate, feebly concave 
its carinae not sharp. Eyes strongly convex. Pionotum slightly constricted in prozona ; 
median carina thin, linear, interrupted by three sulci ; lateral margin of prozona between 
sulci gibbose ; metazona smooth, its lateral margins divergent. Elytron long ; vena 
intercalata distinct, sinuate, at the apex approximate to and almost touching vena radialis 
})osterior ; reticulation very sparse, membrane thin, hyaline. Wing hyaline, its membrane 
v(*ry thin, shiny. Subgenital plate of male short, subconical, obtuse at the apex. Ovi- 
jiositor short, slender, its valvae feebly curved ; lower valva with projection on the 
oxternal margin. 

This genus differs sharply from the nearest genera, Cophotylus and Sphinyonotus by 
the very sparse reticulation of the elytra. 
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(OrAoptem, Acrididae) and its alUes 

Grinita hirtipes (Uvarov). (Figs. 113 , 116 , 117 .) 

1923, Tkalpomena Mrtipea Uvarov, Ent. man. Mag. 59 : 84. 

<y. Of medium size. Frontal ridge feebly concave and weakly constricted below the 
ocellus, narrowed towards apex. Fastigium feebly concave, at the apex slightly broader 
than at the base, with irregularly curved carinae. Pronotum moderately long, in profile 
slightly impressed between sulci ; lateral margin of prozona moderately gibboso between 
sulci; metazona smooth, flat, 2*3 times as long as prozona, its lateral margins almost 
straight ; posterior angle acute, with acute apex. Lower margin of lateral lobe almost 
straight (scarcely sinuate). Elytron long, its anterior and posterior margins straight, 
ratio of length to width 5 • 4. Hind femur slender ; ratio of length to width 3 • 7. Hind 
knee short, broad, with elongate upper lobe and deep excision. Body, particularly below, 
with dense long pilosity. 

Coloration pale yellowish grey ; elytron with small dark spots. Wing hyaline, shiny. 
Hind femur inside pale, with two dark fasciae ; above and outside with two indistinct 
dark fasciae. Hind knee dark. Hind tibia greyish blue, with dark ring at the apex. 

Length of body 19 ; pronotum 4 ; elytron 19 ; hind femur 9. 

$ (Type). Like the male but slightly larger. I^ower valva of ovipositor with small 
rounded projection on the external margin. 

JiCngth of body 20 ; pronotum 4 ; elytron 20 ; hind femur 1 1 . 

Palestine : Jericho, 14.x. 1922, 1 $ (type) (P. A, Buxton). 2r>.vii.l93e6, 

I Jerusalem, 7.xi.l935, 3 cj, 1 vii-viii.1929, 7 (J, 5 ? {H. Shernhernhif). 
Wadi Kelt, nr. Jerusalem, 28. vi. 1926, 1 ^ (F. S. Bodenheimer). 

Trans JORBANIA : Petra, 24-27. vi. 1945, 1 (J, 2 $ (R. A. (Wosby). 

Crinita nigripes (Uvarov). (Figs. 114, 116, 118.) 

1929, ThaVpofmna hirtipes nigripes Uvarov, Ergebn. Sinai Exped. Leipzig. : 94, figs. 1-2. 

(J (Type). Small and slender. Frons strongly oblique (angle 46"). Frontal ridge 
scarcely concave and scarcely constricted at the ocellus, at the apex strongly narrowed. 
Fastigium of vortex feebly concave, with fine, oval, weakly curved carinae. Pronotum 
relatively short ; lateral margin of prozona between sulci slightly gibbose ; metazona 
flat, smooth, 1*8 times as long as prozona, its lateml margins smooth, concave and rela- 
tively strongly divergent ; jKJsterior angle obtuse, its apex obtuse. Elytron long, ratio of 
length to width 5*4; membrane thin, hyaline. Membrane of wing thin, shiny. Hind 
femur slender, ratio of length to width 3*3. Hind knee short, broad, its up 2 )er lobe slightly 
elongate, excision deej) and narrov'. Body with long sparse pilosity. 

(bloration yellowish gn^y ; elytron with small dark spots. Wing hyaline, faintly 
bluish at the base, with dark venation, at the apex slightly infumate. Hind femur inside 
dark, with two light fasciae ; above and outside with two indistinct dark fasciae. Hind 
knee dark. Hind tibia above dark blackish. 

Length of body 17 ; pronotum 3 : elj^tron 16 ; hind femur 7. 

Sinai : Katherine Kloster, 1 ^ (type) {F. S. Bodenheimer). 
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OBSERVATIONS ON THE TAXONOMY OF THE ANTS MYRMICA 
RUBRA L. AND M. LAEVINODI8 NYLANDER. 
(HYMENOPTERA : PORMICIDAE.) 

By M. V, Brian and A. D. Bbun. 

{Diriment of Zoology, Glasgow University,) 

Manuscript received 14th April, 1949. 

(Bead Ist June, 1949.) 

With 3 Text-figures. 

1. Distinction Between Myrmica rubra L. and M. laevinodia Nylander. 

The species Myrmica rubra L. was divided by Nylander (1846) into three 
forms ; of the two with curved scapes, one having workers with longer epinotal 
spines and a wrinkled area between was called M, ruginodis, and the other 
having smaller epinotal spines and a smooth area between was called M. 
laevinodis Nylander^. Numerous ants which would not fit .into either 
type were classed as intermediates by Porel (1874) under the title M. laemnodis 
Nylander var. ruginodo-Uieviriodis Forel. 

Nylander’s distinction is satisfactory only if spine-length is assessed relative 
to head-width and a sample of the workers of a colony examined. These 
precautions are necessary for two reasons : first, because within each species 
colony mean spine-length increases with colony mean head-width, and laevinodis 
colonies of large workers ^ may have spines as long as rubra colonies of small 
workers. This means that by taking head-width into account in assessing 
spine-length, colonies which would have been classed as intermediate solely 
on a basis of spine-length fall definitely into one or other species group, being 
laevinodis if they have large heads, and rubra if they have small heads. The 
second precaution is necessary since individual workers from colonies of dis- 
tinct species may be indistinguishable. 

A sample of 26 workers was taken from each colony examined. Head- 
width was measured immediately behind the eyes, and spine-length as in 
fig. 1. When the average values of these for each nest were plotted graphically 
(fig. 2), they formed two distinct groups each showing internal regression of one 
character on the other. Details are set out in Table I. 

Care has been taken to include in this survey specimens which Mr. Donis- 
thorpe® considered typical and specimens which he said would fall into Porers 
intermediate category. After measurement the former proved to be, in 
relation to our collection, extreme in type, the rubra having large spines for 
its head-width (which was large), and the laevinodis small spines for its head- 
width (which was small). The intermediates fell in the laevinodis group. 
We also sent Mr. Donisthorpe samples of the nests marked with circles in 

^ Santschi (1931) has maintained that Linnaeus was describing M, ntginodis Nyl. 
when he formed the species M. rubra L., and that the latter name has precedence. Santschi's 
nomenclature is used in this paper. 

* Mean head-width (y) regresses on mean weight (ar) : for rubra, y = 08400; -f- -8301 
where the standard error of the regression coefficient — *0245 millimetres per milligram. 

* We wish to acknowledge the help which Mr. Donisthorpe kindly gave by both lending 
specimens from his collection and examining a number of our own. 

IKANS. R. ENT. SOC. LOND. 100. PART 14. (dEC. 1949). 
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fig. 2. These he said would fall into Ford’s category but were “ nearer rubra.** 
Eeasonable care has thus been taken to make the study as comprehensive 
as possible. 

Compared with the measurement method of discrimination, the use of the 
rugosity character was inferior, partly because of the difficulty of making a 
clear distinction between wrinkled and smooth, and also because of the lack of 
consistence between the two methods. The workers from each of 22 nests 
assigned to the group rubra by measurement criteria were examined ; of 



Fig. 1. — Spine of M. rubra § from left side measured from A to B. 


these 7 nests contained some workers with the area between the epinotal spines 
smooth (Table III), but these individuals did not have especially short spines. 
One nest which fell well within the rubra group (head-width 34 divisions = 
]-030 mm., spine-length 27- 6 divisions = *380 mm.) had a majority of smooth 
workers in the sample. The position in laevinodis was less variable : of 180 
workers from 18 nests, only 4 from 3 nests showed any sign of wrinkles. These 
were all of moderate spine-length, but many with larger spines were quite 
smooth. Thus in neither species did the character show any relation to spine- 
length. Nevertheless, discrimination by this method would in most cases 






m 
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agree with the measurement method in distinguishing colonies with all or a 
majority of workers rugose (mbra) from colonies with all or a majority of their 
workers smooth (laevinodis), and it has one point in its favour — it can be used 
in the field with a hand lens. 



Spine length ( I division =0*OI372mms) 

Pig. 2. — ^Relation of average worker head-width and spine-length in 
colonies of M, la^vinodis and M, rubra showing regression lines. 


Table J. - Average Head-width and Average Spine-length in MiUifnetre>s, for 
Samples of 25 from each of 26 laovinodis and 42 rubra Colonies 

Taken in Various Parts of the British Isles, 



loBvinodii, 

ruhra. 

Mean head- width (jc) , 

0-9666 

0-9989 

„ spine-length (y) 

0-2397 

0-3611 

Correlation coefficients 

0-8093 (<1%P) 

0-8528 (<. 1% P) 

Regression equations . 

»/ ^ -2489^ - -0009 

y = -45933; - -(H)?? 

8.E. of regression coefficients 

0-03687 

0-04449 


Localities : 

laevinodi^ ; 3 colonies from Glen Fallooh, Perthshire. 

6 „ „ Ings, Westmorland. 

4 „ „ Great Barrow, Cheshire. 

3 „ „ Earlswood, Warwickshire. 

10 „ „ Harpenden, Hertfordshire. 

rubra : 3 colonies from Glen Falloch, Perthshire. 

26 „ „ Colgrain, Dumbartonshire. 

8 „ „ Ings, Westmorland. 

3 „ „ Delamere Forest, Cheshire. 

2 „ „ Harpenden, Hertfordshire. 

TRANS. R. BNT. SOC. LONB. 100. PART 14. (dEO. 1949). 
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Table II . — The Frequencies of each Head-width, Spine-length Combination in 
1025 Workers of rubra (from 41 colonies) and 650 Workers of laeviuodis 
(from 26 Colonies), considered without regard to Colony Relationship, 
The data are grouped according to micrometer divisions: for head-vridth, 
1 division = '03026 mm.; for spine-length, 1 division *01372 mm.; 
laevinodis in italics. 
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of the ants Myrmioa rubra L. and M. laevimdis Nyhnder 

It will be noticed that mean head-size did not differ very much, but that 
mean spine-length did ; also that the slope of the rubra line was greater than 
that of laevinodiSy but the significance of this is not clear. 

Although the regression groups remain reasonably discrete when based on 
colony means, they intermingle slightly when individual workers are con- 
sidered. The extent of this may be seen from Table II. 


Table III . — Showing the Frequency with which a Sample of 10 Workers from 
each of 22 rubra and 18 laevinodis Colonies Contained 0 to 10 Specimens 
having the Area between the Epinotal Spines Smooth, 


Number with 
smooth area. 

rubra. 

laevinodis. 

10 

— 

16 

9 

— 

2 

8 

— 

1 

7 

6 

6 

A 

1* 

— 

— 

— 

3 

1 



2 

2 

— 

1 

3 

— 

0 

15 

— 


22 

18 





* By dimensions this was clearly a rubra colony (head-width, 34 divisions = 1 * 030 mm., 
S])ine-longth 27 (i divisions — -380 mm.). 

(Jther differences between the two species are more conveniently mentioned 
ill the third section of this papier. 

2. Variation within 3f. 7ubra L. 

Suspicions that the sjiecies ruln^a was heterogeneous were aroused in the 
early stages of experimental sociological studies. These were later confirmed, 
and it was found that there existed two forms, each self-propagating, which 
may be briefly contrasted and named as follows : 

var. macrogyna var. nov. : females and males larger, colonies usually 
monogynous with relatively large aggressive workers, the average 
worker head-width less than the average female head-width, colony 
reproduction by dissemination of fertile females which found colonies 
either alone or in small aggregates ; 

var. microgyna var. nov.: females and males smaller, colonies polygy- 
nous with relatively small and docile workers, the average worker head- 
width similar to the average female head-width, fertile females return to 
their neat (and possibly other nests) and colonies reproduce by fission. 

The two forms are not sharply distinct, but intermediates are rare in com- 
parison with the types. The evidence for these statements will now be 
presented. 



398 


Mbbbksu M. T. BriAn and A. B. Banted Atemdiom &n He kasmomif 

(a) Head-mdth Meaawements of Queem . 

Colonies were collected, the queens (dealate females) removed and counted 
and the width of their heads measured. The results are set out in Table IV 
and illustrated in fig. 3. 



30 31 32 33 34 35 36 37 38 39 40 

Head width ( I division = 0*03026 ) 


Fia. 3. — Head width distribution of queens from polygynous and 
monogynous colomes of M. rubra. 


Table IV Head-mdth Frequencies of Queens in 23 Polygynous (2-15 Queens 
per Nest) and 41 Monogynous Colonies of M. rubra. Head-widths in 
mwrmnetei divisiom (I division = -03026 mm,) 

Head width 


30 31 32 33 31 36 36 37 3H 39 40 


Polygynous . . 3 11 24 24 21 0 3 7 8 2 . 112 

Monogynous . . . 1 2 7 13 9 8 1 41 


Total. . . 3 11 24 24 22 11 10 20 17 10 1 163 


A tendency towards an association of monogyny with macrogyny, and 
polygyny with microgyny^ is apparent. The combmed results from the 64 
nests show a bimodal frequency distribution, the medium head-widths being 
rarer than either larger or smaller ones. 

The slight rise in frequency of the larger head sizes m polygynous nests is 
at first difficult to interpret. We believe it to be caused by the fact that 
mewrogyna queens sometimes associate m colony-founding (primary pleometrose, 
Wasmann, 1910) and do not separate when workers are produced (as happens, 
for example, m Lasius nxger Linn.), but it is possible that an alternative 
explanation, that queens may sometimes gain access to nests which already 

^ The small queens, as will be shown later, have workers whose average head-width is 
shghtly larger than their own, so that they are properly called microgynes in the con- 
\ entional sense of that word, bemg females as smaU as or smaller than their workers. 
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possess one (secondary pleometrose), may supplement the first. Our con- 
tention is supported by two lines of evidence : first, that groups of freshly 
fecundated maorogyna queens set together in observation nests lived and reared 
workers amicably, and secondly, that quite a close parallel exists between the 
frequencies with which groups of 1, 2, 3, 4, etc., queens are foimd in process of 
colony-founding and the frequencies with which these numbers of queens are 
associated in mature colonies (Table V). 

Table V . — An Analysis of 36 Colony founding Groups of Queens to Show Head- 
width (1 dmsiow = -03026 mm.) and Group-size Frequencies. Foi' 
Comparison^ Queen Group-size Frequencies in 43 Mature macrogyna* 
Colonies are given. 


Size of 




Head-widths. 




Number of 

Number of 
mature nests 

Group. 

,33. 

34. 

3.3 

30 

37 

3«. 

39 

40 

groups 

with 1, 2, 3, 
etc , queens. 
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1 

1 

7 

9 

5 

6 

1 

30 

38 

2 
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3 




. 

, 


. 

, 

0 

2 

4 




, 

2 

1 

, 

1 

1 

1 

6 







, 


0 

0 

6 

i 

2 

1 

1 

1 

• 

• 

• 

1 

1 


1 

3 

2 

0 

14 

7 

8 

2 

36 

43 


* That is, where all queens present, if more than one, exceeded 36 divisions in head- 
width. . 

Since very few microgyna females were discovered in autumn in process of 
founding colonies, it was reasonable to suppose that their normal habit was to 
return to mature nests of their own type. This was confirmed by examination 
of queens in microgyna nests in autumn. Dissection showed that they fell 
into two categories, one having ovaries with well developed yolky oocytes and 
terminal corpora lutea the old laying queens— and the other having moderately 
yolky oocytes but no corpora hdea— the young queens added since the nuptials, 
whose ovaries had developed a little, but not ovulated.® 

Further confirmation of these results was obtained experimentally. 

(b) Experimental Introduction of Queens. 

Recently fecundated females of a range of head-sizes were added to queen- 
less colonies of both macrogyna and microgyna types in observation nests and 
the reactions noted. Six colonies, three of each type were used, each con- 
sisting of about 60 workers and brood. Six queens, of each head-width fh>m 
34 to 39 divisions, were added three at a time to each nest. Reactions were 
usually definite, and it was not necessary to leave the queens in for more than 
a few minutes. Either they were attacked immediately by workers with 
opened mandibles, and dragged about relentlessly, or they were quickly 
examined, given food, and allowed to brood. But in certain cases, a worker, 
on approaching an introduced queen, opened its mandibles without attacking, 

® It is usual in M. rtibra mojcrogyna for young queens to begin laying in the spring 
following nuptials (in contrast to Laaivs niger and L. flavus), but on one occasion we have 
found a group of queens with a single egg. 
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and after a pause, went away. This we have described as menacing,” but 
we think it probably results from an interaction between the intensity of 
stimulation and the constitutional peculiarities of the subject, being evoked 
by normal stimulation of a constitutionally unaggressive worker, or under- 
stimulation of a constitutionally normal worker. These results are set out 
in Table VI. 


Table VI. — Queen Iniroimtion Experiments : 6 Early Post-nuptial F emales of 
each Head-size were Added in Two Separate Groups of 3, to each of 3 macro- 
gyna and 3 microgyna Groups of Workers and Brood, In each column of the 
Table i Numbers Tolerated, Menaced, and Attacked, are set out so : T, M, A, 


Head'Width of femaJe. 

Tlirce macrogyna groups. 

Three microgyna groups. 




1. 

2. 



1. 

2. 

8. 


39 and over . 

4-1-1 

3-0-3 

3-1-2 

0-0-6 

0-1-5 

0-0-6 

38 . . . . 

1-2-3 

0—2—4 

1-2-3 

0-045 

0-0-6 

0—2—4 

37 . . . . 

3-3-0 

0-2-4 

4-2-0 

0 0-6 

0-0-6 

0-3-3 

36 . . . , 

3-0-3 

0-0-6 

1-1-4 

2-2-2 

34)-3 

2-2-2 

35 . . . 

0-0-6 

0-0-6 

0-0-6 

6-0-0 

6-0-0 

6-04) 

34 and less 

0-0-6 

0-0-6 

0-1-5 

6-0-0 

6-0-0 

64)4) 


These results very clearly confirm the existence of two varieties. We may 
note the following points : 

(1) Groups of workers within each type differed slightly in their reactions. 

Thus macrogyna 2 were relatively aggressive, whilst’ microgyna 3 were 

relatively tolerant. 

(2) All macrogyna rejected queens of 35 and less divisions whereas all 
microgyna accepted them. 

(3) Microgyna attacked all queens of greater head-width than 36 divisions, 
but macrogyna, instead of accepting them as might at first be expected, reje(*ted 
sometimes and accepted at other times. Perhaps this is due to an unnatural 
circumstance, for we have good reason to suppose that large queens do not 
usually attempt to re-enter mature colonies. 

(4) Intermediate behaviour was shown towards queens of head-width 36 
divisions by all groups except group 2 macrogyna which was an aggressive 
tj^. This may indicate that the change in ant-perceptible character ® takes 
place gradually within the head-size 36, and that a queen of this size only 
evokes aggressive behaviour in hostilely disposed workers. 

(5) On the other hand, the narrowness of the transition belt is surprising, 
and the possibility that two types are included in the size 36 cannot be dis- 
missed. This was the subject of a further experiment reported in a later 
section. 


(c) Experimental Mixing of Workers, 

Workers of like and unlike varieties were mixed on a number of occasions 
using each time 10 of each. After 2 minutes the number fighting was recorded . 
These results are summarized in Table VII. 

• Observations indicate that perception is made without contact, at a distance of a 
few millimetres, thus indicating an olfactory mechanism. 
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Table VII . — Workers of the Two Varieties microgyna and macrogyna loere 
Mixed : 10 of Each Type (but from different Colonies) were used, and the 
Number Fighting after 2 Minutes Recorded. Below are Shown the Propor- 
tion of Cases in which No Fighting Took Place. 

Macrogyna with Macrogyna with Microgyna with 
macrogyna, microgyna. microgyna. 

Number of tests .... 16 19 19 

„ with no fighting . . 4 1 15 

They clearly indicate that mixing of dissimilar types gives the greatest 
chance of antagonism.*^ But, whereas mixtures of microgyna workers were 
usually peaceful, mixtures of macrogyna usually resulted in combat. In this 
respect, striking consonance was shown with the results of introducing queens. 
Thus, the macrogyna were frequently intolerant of both queens and workers of 
their own t}q)e. It is possible that the underlying cause may prove to be 
due to the existence of genetically differing strains, each type passed from 
queen to worker progeny, but it is also quite likely that the preponderance of 
antagonistic reactions is the result of living in separate isolated colonies derived 
from single queens. The microgyna, habituated to rather diverse associates 
in their polygynous nests, were as a rule tolerant of queens and workers of 
their own variety, but strongly intolerant of those of the other kind. 


(d) Special Consideration of Intermediates. 

As some of the principal characters of the two varieties have been con- 
trasted, it is important now to consider the intermediates. 


Qneens of Head-width 36 Dmsions (~ 1*096 mm.). 

Queens of this head-size have been found behaving as macrogyna more 
often than as microgyna. As fmcrogyna we have the following cases : 7 
specimens were the sole quecuis in nests, and 1 specimen was associated with 
two larger queens in a 3-queen macrogyna nest (Table IV) ; 7 queens have 
been found alone and 1 with a larger queen presumably colony-founding 
(Table V) ; 1 queen was found in a G-queen aggregate of which 1 was larger 
and 4 were smaller (Table V). Of queens behaving as mict^ogyna we have 
only 2 specimens asso(*iated with smaller queens in polyg 3 mou 8 colonies (part 
of Table IV). 

In queen introduction experiments (Table VI) it was noted that microgyna 
workers rejected a larg(' proportion of these queens, and macrogyna workers 
accepted a few. Worker reaction to this head-size was specially investigated, 

’ Statistical analysis’might proceed as follows : 

(1) Comparison of column 2 with column 3 : 16 cases of no fighting would be 
expected divided evenly between the two groups if no bias, = 12*25, < 1 per 
cent. P. 

(2) Comparison of column 1 with column 3 : 19 cases of no fighting would 
divide in the ratio 19/16 if no bias, = 4*66, 1-5 per cent. P. 

(3) Comparison of column 1 with column 2 : 5 oases of no fighting would divide 
in the ratio 16/19 if no bias, k* = 2*36, 10-20 per cent. P. 
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using the same 6 nests as before (3 of each variety). Fourteen queens were 
introduced separately giving a total of 42 test reactions for each rubra type 
(Table VIII). 

Table VIII.— TAe Reactions of 3 microgyna and 3 macrogyna Groups of 
Workers and Brood to 14 Queens of Head-width 36 Divisions (= 1 *090 mm.) 
were Tested by Adding each Queen Separately : T = tolerated^ M = 
menaced, A = attacked. 


Queen 

Three microgyna groups. 

Three macrogyna groups. 

numbei 

1, 

2. 8. 

1, 

2, 

8. 

4 

T 

T 

T 

T 

A 

A 

8 

T 

M 

T 

A 

A 

A 

6 

M 

T 

M 

A 

A 

A 

1 

M 

A 

M 

T 

A 

M 

11 

M 

A 

M 

M 

M 

T 

9 

A 

M 

A 

M 

M 

M 

10 

A 

A 

M 

T 

T 

M 

12 

A 

A 

M 

M 

M 

A 

2 

A 

A 

A 

T 

T 

T 

3 

A 

A 

A 

T 

A 

'r 

13 

A 

A 

A 

T 

M 

A 

14 

A 

A 

A 

A 

M 

A 

5 

A 

A 

A 

A 

M 

A 

7 

A 

A 

A 

T 

M 

M 


It will be noticed that no queen which was tolerated by one group of 
microgyna was attacked by another group. Menacing appears as an inter* 
mediate form of behaviour, and it is possible to arrange the queens in a series 
from those unanimously tolerated to those unanimously attacked, as has been 
done in the table. When this is done on a basis of reactions by microgyna, a 
certain order appears in the, at first sight, chaotic reactions of the nmcfrvgyna 
groups ; the first three queens, which may be described as tending to be 
tolerated ” by the microgyna, are seen to be very much more consistently 
attacked than the others. These results thus come into line with earlier ones 
in which a wider range of head-size was used, and, in fact it is evidence that 
within this single head-width group a gradual transition from microgyna to 
macrogyna occurs, and that it contains more of the latter type. 

Since queens exist towards which reaction is intermediate, we may reason- 
ably regard this as strong evidence that the rubra species is composed of two 
forms connected by transition types, rather than by two forms distinct in 
ant-recognizable characters, but of overlapping head-widths. 

Queens of head-width 35 divisions (= 1*060 mm.). 

Most of the queens in this class behaved as microgyna. We have the 
following cases : 9 specimens were associated with smaller queens in poly- 
gynous colonies (Table IV). Queens behaving as macrogyna were as follows : 
2 specimens were the sole queens in mature colonies (Table IV), 1 specimen was 
found alone, and 1 in the aggregate of 6 queens already referred to (Table V), 
which were presumed to be founding colonies. In queen introduction experi- 
ments (Table VI), they were consistently accepted by microgyna, and rejected 
by macrogyna. 
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(e) Exceptional Cases: Atypical Behaviour. 

A few exceptional cases should be noted. One queen of head-width 33 
divisions was discovered in a colony-founding aggregate (Table V), whereas 
in 24 other cases of the same size queens were in polygynous colonies of micro- 
gyna. In this same curious aggregate there were 2 queens size 34 divisions, 
and another queen of this size has been discovered alone, but in 21 other cases 
they have been queens in colonies with smaller queens. One large queen 
(head-width 37 divisions) was collected with 3 definitely microgyna queens in 
a mature colony, whereas in 19 other cases this size have been either alone or 
with’larger queens in fully developed colonies. 

(f) The Relation between Head-widths of Queens and Winged 
Females in the Same Nest. 

The measurements to be described indicated that each variety tended to 
be self-propagating, though (if head-width criteria are to be trusted) cases 
were foimd where l)oth types arose from a single queen. 

In 10 colonies of macrogyna examined, a close correlation existed between 
the head- width of the queen and the average of 25 virgins (r = -f*9126, 
< 1 per cent. P). The equation of the linear regression was y = *93020; -f- 
•081, where y is the average virgin head-width, and x the head-width of the 
queen, both measured in millimetres (S.E. of regression coefficient = • 1473 
mm.). The average head- width of queens, 1*117 mm., differed little from the 
average for all virgins, 1*120 mm. The frequency distributions of the virgin 
head-widths are shown in Table IX. 

Table IX. — Frexjimtcy Distributions of Female Head-widths in Micrmneter 
Divisions (I division *03026 mw.), /rom 10 macrogyna Colonies. 


Head- 




Colony number 

- JL 





wldth. 

L 

2 

4. 

5 

0. 

1 . 

8. 

9. 

■ "-1 
i(» 

33 

6 

. 



. 


, 

. 

, 

34 

5 


, 

. 





, 

35 

10* 

5 

1 4 


1 



, 

, 

30 

4 

16* 

12* 11* 

4 

2 

1 




37 


4 

12 8 

3* 

5* 

16* 

5 

, 

5 

38 



2 

3 

13 

8 

17* 

9* 

12 

39 


, 



4 


3 

10 

8* 

40 


, 

. 

, 




1 


41 


• 

* Head- width of queen. 


• 

1 



It will be noted that dispersion was usually small. Also that in 3 cases 
out of 10 the queen’s size was not the modal one, and in 4 of the 7 cases where 
it was, the distribution was asymmetrical. We may, perhaps, look to the 
unknown male parent or parents for the explanation of this. 

With microgyna y no correlation was obtained between the average head- 
widths of virgins and of queens from the same nest. This is not surprismg, 
in view of the heterogeneity of queen head-size in each nest. But it is probable 
that a similar relation exists for small as for large queens (see, for example, 
the instance of colony 1 in Table IX). The firequency distributions of virgin 
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head- width are shown in Table X, that of the queens being included as well. 
In colony 1 it would seem likely that only one queen has been instrumental in 
forming female progeny. The average head-widths of queens, 0*996 mm., 
was similar to that of virgins, 0*986 mm. 

Table X. — Frequency IXstributions of Virgin Female (F) and Queen (Q), 
Head-widths in 6 microg)ma Colonies^ in Micrometer Divisions^ (1 division 
= *03026 mm.) 


Nest numbers. 
> 


Head- 

width. 

r- 

1. 


2. 



3. 

4. 



5 . 

6. 



V. 

Q. 

V. 

Q.' 

' V. 

Q. 

V. 

Q. 

’v. 

Q. 

V. 

Q. 

30 

5 



, 

1 

, 


, 

, 

, 

, 

, 

31 

9 

1 

2 

1 

4 

1 

1 


, 

, 


, 

32 

2 

, 

11 

1 

10 

1 

6 

2 

5 

4 

2 


33 


3 

4 

1 

8 

1 

8 

3 

14 

3 

5 


34 

. 

2 

, 

, 

2 

, 

1 


5 

1 

11 

1 

35 









1 

, 

7 

1 

36 

, 

1 


, 


, 

* 


, 

, 

, 

, 


(g) TJhe Relation between Head-widths of Queens ami 
Workers in the Same Nest. 

Macrogyna showed a good correlation between queen and average worker 
head- widths (r = -f- • 6740, < i per cent. P). The workers were on the average 
smaller than their queens, averaging 1*069 mm. (=35*34 divisions) as opposed 
to 1*113 mm. (= 36*78 divisions). The regression equation was y = *817 x 
-f*160, where y is the expected average head-width of workers, and x the 
actual head-width of the queen, both in millimetres (S.E. of regression coeffi- 
cient = *0258 mm.). The variation of worker size in each colony was gi'eater 
than that of virgins (Table XI). 

Table XI. — Freqmncy Distributions of Worker Head-widths in 10 Colonies of 
macrog 3 ma, in Micrmrheter Divisions (1 division = *03026 mm.). 


Head- 





NeHt numbei 





width. 

T. 

2 


4, 

5 . 


7 . 

8. 

9 . 

10."^ 

30 

1 




, 






31 

4 










32 

14 

1 

2 


1 






33 

16 

6 

8 

3 

5 

, 

1 



1 

34 

9 

5 

8 

9 

12 

2 


2 



36 

3* 

11 

7 

14 

17 

6 

5 

8 


2 

36 

4 

2* 

♦ 

15 

12 

14 

12 

8 

5 

4 

37 

, 

. 

, 

8* 

3* 

14* 

6* 

7 

8 

1 

38 

• 

1 

, 

1 

, 

12 

2 

41 

8^ 

12 

39 

. 

. 

, 


, 

3 

, 

, 

4 

5* 


* Head-width of queen. 


For microgyna, no correlation could be detected between mean worker and 
mean queen head- width. The workers were on the whole smaller than those 
of macrogyna. They averaged 1*005 mm. (=33*2 divisions), and were thus 
just a little larger than their queens, which averaged 0*996 mm. (=32*9 
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divisions). In this respect they contrast with macrogyna, and are microgynes 
in the conventional sense of the word.® The frequency distributions of head- 
width for workers and queens from 10 colonies are shown in Table XII . 

Table XII. — Head-width Frequencies in Worhers (W) and Qmens {Q) from 
10 Colonies of inicrog 3 ma, in Micrometer Divisions (1 division = 
•03026 mm.). 


Number of colony. 


Head- 

width. 

1 . 

2. 

3. 

4. 


5. 



6. 

7. 


8. 


0. 

^ 

10. 


'W. Q.' 

W. 

Q. 

W. Q. 

'w. 

q' 

'w. q! 

w 

Q . 

"w. 

Q. 

'W. Q.’ 

w. q’ 

W. Q.' 

28 

, , 

, 


, , 










. 

1 . 

29 

1 . 

. 


, , 




, 






. 

4 . 

30 

, 

, 


, , 

2 

, 

1 . 

1 

1 

, 

, 

, , 



4 . 

31 

1 . 

. 


4 . 

1 

1 

6 . 

3 

2 

1 

, 

2 . 

2 


5 4 

32 

8 4 

1 


4 . 

4 

1 

3 2 

6 

5 

1 

1 

8 4 

6 

1 

6 2 

33 

5 3 

, 


12 3 

11 

1 

7 3 

12 

4 

1 

3 

9 . 

8 


4 1 

34 

8 I 

3 

i 

4 2 

6 


3 . 

3 

2 

11 

1 

4 . 

6 

. 

, 

35 

1 . 

7 

1 

, 

. 


2 . 

, 

, 

7 

, 

1 . 

3 

1 


36 

, , 

10 


1 1 

1 


3 . 



3 


1 . 


1 

1 . 

37 

1 . 

3 








1 


, 




38 

• 

1 

• 

• 

* 


• 

• 

• 

• 

• 

• • 

- 

• 

• • 


(h) The Head-ividOis of Males. 


Microgyna males averaged less than macrogyna males, *910 mm. (= 30* 12 
divisions) instead of *980 mm. (-- 32-42 divisions), but the diiference was so 
small compared with the variability that the frequency distributions over- 
lapped (Table XIII), and when combined gave little sign of bimodality, as 
did the female distributions. The total male range of size was less than the 
female range, 8 divisions (-2421 mm.) instead of 10 divisions (-3026 mm.). 

Table XIII.- Head-mdth Frequency DistrihUions of Males frmn 5 macrogyna 
and 5 microgyna Colonies in Miercnnefer Divisions (J dvvision = 
•03026 mm.). 


Head- 

width. 

Five microuym colonies. 

I. 2. 4. .C 

Five macrogym coUmie’*. 
1. 2. 3. 4. b? 

Total. 

27 

1 

, 









1 

28 

5 

2 



, 

1 





8 

29 

12 

9 

2 

1 

1 

2 


. 



27 

30 

6 

10 

3 

6 

9 

6 

3 




43 

31 

1 

4 

5 

10 

11 

8 

7 

2 



48 

32 



3 

3 

3 

4 

10 

7 

1 

6 

37 

33 



1 

1 


4 

5 

14 

S 

12 

45 

34 





. 


, 

2 

12 

6 

20 

36 

• 

• 

• 

• 

• 

• 

• 

• 

4 

1 

5 


As it had already been found that virgins and queens tended to have 
similar head-widths in each colony, the male data were related to virgin data. 
This was more easily done and did not involve destruction of the queen or 
queens. Taking both varieties together a good positive correlation was 

* But it should be noted that there is not a fundamental difference here, for^ the 
regression relating macrogyna queens and workers, if extrapolated towards the origin, 
passes into a region where queens are smaller than their worker progeny. 
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obtained (r= +’8150, < 1 per cent. P), giving a regression equation of 
y= -4764x4- *445, y being the expected average male head-width, and x 
the average virgin head-width. Males as a group had narrower heads than 
virgins. 

(i) Two Morphological Trends in, Queens, 

The largest queens of macrogyna (head-widths 39 and 40 divisions) had 
the dorsal part of their heads dark brown to black in colour : this merged 
rapidly into orange-brown below at a line level with the eyes. The smallest 
queens of microgyna were less dark on the head, and this changed more 
gradually to a yellow rather than an orange-brown below. In general, the 
lighter parts of the bodies of the largest queens were orange-brown and this 
made the former appear contrasting black and orange and the latter a more 
imiform dull brown. But no sharp distinction was possible, for a trend closely 
associated with head-width joined one extreme to the other. 

A similar trend in form of ovary was observed : the ovarioles in virgin 
microgyna were typically only two-thirds their length in macrogyna. In 
form they differed as follows : the terminal filament in the largest queens 
occupied one-third of the length, but in the smallest queens two-fifths, so that 
the major difference in total ovariole length was due to germarium size. The 
ovarioles also differed in shape : in microgyna they were t}q)ically twice as 
wide in the terminal filament end and only half as wide at the oviduct end as 
in large macrogyna queens. Such differences are probably associated with a 
smaller fecundity in microgyna, which is no doubt compensated by the number 
of queens in their colonies. 

One further anatomical point was noticed : the eyes of queens of both 
types were approximately the same size, and this made them appear more 
prominent in the smaller ones. 


(]) Distrihutwn, 

We have found both varieties of rubra at Colgrain, Dumbartonshire, and 
also in Glen Falloch, Perthshire, 25 miles to the north. We have found micro- 
gyna at Ings, Westmorland, and at Great Barrow, Cheshire. 

Certain remarks in the literature make it probable that both varieties have 
a wide distribution. Thus Donisthorpe (1927, p. 129) states : 

‘‘ On April 30th, 1912, I found three small females, partly wmged, 
under a stone, in a colony of ruginoais at Hynish, in the Isle of Tiree. 
S. 0. Taylor captured a winged microgyne of this species at Wakerley 
Wood, Northamptonshire, on August 17th, 1915. Wasmann took a 
number of winged females in a nest of r^iginodis at Vorarlberg, Peld- 
kirch, in August, 1890, which were smaller than the workers of the 
same colony.” 

And later, whilst discussing a colony of M, laevinodu var. ruginodo-laevinodis 
Forel found on Lundy Island {loc, cit,, p, 124) he says : 

“ A small dealated female found in this colony only measures 
5-6 mm.” 

Perhaps a great many colonies of microgyna have in the past been relegated 
to Forel’s intermediate category. 
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3. Fxtrthbr Observations on Myrmim laevinodis Nylander, 

Measurement of 192 queen laevinodis from 22 colonies collected from 
Herts, Cheshire and Perthshire gave no evidence of polymorphism. The 
frequency distribution (Table 14) was symmetrical and unimodal. 


Table XIV. — Head-width Frequencies of Queens and Workets of M, 
laevinodis in Micrometer Divisions (1 division *03026 mm.). 


Queens 

Workers 


Head-widths. 

* * Total. 

26. 27. 28. 29. 80. 81. 32. S3. 34. 35. 36. 37. 38. 39. 40. 

9 29 63 67 28 6 192 

2 6 21 44 64 107 158 116 85 28 11 4 . . . 646 

Mean bead-widths : Queens, 37 -27 divisions ~ 1 * 1278 mm. 

Workers, 32*11 ., = 0*9716 „ 


The mean head- width was very near that of M. rubra var. macrogyna, 1 * 1278 
mm. (= 37*27 divisions) as compared with 1*1130 mm. (= 36-78 divisions), 
but the workers averaged smaller, ()-9716 mm. (= 32-11 divisions) as opposed 
to 1*069 mm. (== 35*34 divisions). They were, in fact, comparable to micro- 
gyna workers, 1*006 mm. (= 33-2 divisions). 

The correlation between the average head-widths of workers, taking a 
sample of 26 from each of 17 colonies, and the average for queens from the 
same nest was not very good (r = +*4976, P— 1~6 per cent.), but the 
following regression equation was obtained : y = *35312? + *5734, where y is 
the average worker head-width, and x the average queen head-width in milli- 
metres. The poorness of this correlation is no doubt due to the fact that 
most of the colonies were polygynous, and some had over 100 queens. 

The frequency distributions of worker head-sizes for 10 randomly selected 
colonies is shown in Table XV. 


Table XV . — Frequency Distributions of Worker Head-widths from 10 Colonies 
o/ laevinodis, in Micrometer Divisions (1 division *03026 mm.). 


Uead- 

wulths 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



The variability is comparable with that of both t 3 q)e 8 of rubra. In aggre- 
gate this data forms a symmetrical unimodal frequency distribution (see 
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Table XIV)®. Laevinodis thus appears to combine in a single form — the 
macrogjme — characters which, in riiyra, are divided between two forms. 

4. Discussion. 

In this paper we have presented evidence to show that rubra is an incom- 
pletely dimorphic ««pecies. A case in plants which is perhaps analogous, has 
been described : the Lesser Celandine (Ranunculus ficuria Linn.) occurs in two 
forms, one setting viable seed and the other reproducing vegetatively by 
means of tubercles (Marsden- Jones, 1935 ; Metcalfe, 1938 and 1939). In 
ants, Gosswald (1942) has shown that Formica rufa L. consists of several races, 
some of which differ in ways similar to those just described in Myrmica rubra. 
F. rufa rufa is equivalent to M. rubra- var. macrogyna^ as it has monogynous 
colonies, and queens with long ovarioles which lay many eggs ; the queens 
found colonies by entering nests of Formica fusca L. F. rufa rufo-pratensis 
minor is equivalent to M, rubra var. microgyna^ for it exists in polygynous, poly- 
domous colonies, and has queens that are relatively small (though not as small 
as their workers), with short ovarioles and low fecundity. F. rufa rufo- 
pratensis major has intermediate characters. Talbot (1948), has recently 
found that two varieties of another species of Formica differ, amongst other 
ways, in whether they are monog)aious or polygynous. Formica pallidefulva 
nitidiventris Emery was monog 3 mous in all of 24 nests examined and recorded, 
whereas F. pallidefulva schavfussi incerta Emery was frequently polygynous, 
and Talbot suggests that secondary pleometrose and colony fission occurred. 
In this case microgyny was not involved, but Holliday (1903) has re(;orded 
microgynes of the former variety. 

In the area from which our cclonies of M. rubra Lave been collected. 
macrogyna has predominated in transitory habitats, and those which have 
only been suitable for ant colonization for a short time (e.g. in serai and mosaic 
cyclic vegetation types) whereas microgyna has been found in comparatively 
stable areas. Gosswald lists a wider range of habitat occuri’ences for the 
monogynous form of F. rufa. than for the polygynous form, and comments 
that the latter lives in especially favourable ant sites. In both these cases 
two possibilities appear to exist ; either that the polygynous form is gradually 
derived from the monogynous in each habitat that persists for long enough 
in a favourable condition, or that each species is developing (or has developed), 
in an evolutionary sense, varieties adapted to temporary and stable habitats 
respectively ; hybridization of these may still occur. Su(’h problems are 
being investigated. 

Wheeler (1937) has reviewed the subject of microgynes, and pointed out 
that these females occur as “ occasional anomalies,'' or “ complemental 
females," in a wide variety of ants. Donisthorpe (1927, p. 122) recorded an 
instance of a microgyne laevinodis, which was sole queen in a nest, and 
Reichensperger (1911) has recorded two similar cases in Phgiolepis pygmaea 
Latreille which he regarded as successfully established mutants. In the sub- 
genus Miorogyrm of the genus Formica the only known females are microgynes. 
M. rubra appears to lie between these extremes. 

• This is also the case with rubra, if workers of the two varieties are pooled and con- 
sidered together. 
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6. Summary. 

1. A biometrical study of the similar species, Myrmica laevinodis Nylander 
and Myrmica rubra L., has shown within the limits of the material available, 
that colonies of one species can be distinguished from colonies of the other, 
and that, as a result, Porel’s intermediate category, Myrmica laevinodis var. 
ruginodo-laevinodiSf will probably disappear. A certain number of individual 
workers of each species were indistinguishable. 

2. M, rubra has been shown to exist in two varieties, occurring together 
in various localities, and both probably widespread, showing a gradual transi- 
tion of morphological characters and a more abrupt transition of ant-per- 
ceptible characters. Each variety differs primarily in its propagation methods : 
the one having the primitive method of dissemination of fecundated queens 
which may found colonies alone or in aggregate ; the other, receiving queens 
after nuptials back into their nests, being highly polygynous as a result, and 
reproducing by fission of polydomous societies. The former variety is macro- 
gynous, and the latter microgynous. New names are introduced for these 
varieties. 

3. M, laevinodis gave no evidence of polymorphism, and appears to combine 
in a single form — the macrogyne — the characters divided between two forms 
of rubra. 
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Introduction. 

The larvae and pupae of the genus Pericoma Walker are common objects 
amongst clumps of damp moss and algal mats bordering the margins of streams 
in Britain. They are sometimes exceedingly abundant, and several species 
may be taken within a few yards of each other. The genus is a large one, 
and twenty-four species are mentioned in the British list (Tonnoir, 1940), 
but our knowledge of its early stages is very incomplete. Walker (1856) 
has given a brief description of the larva of P. (Vlomyia) kirta L. =fuliginosa 
Meigen, from which it is clear that he was dealing with the larva of some 
other species. Miall (1895) has given a full account of the larva and pupa of 
P, neglecta Eaton, imder the name P, canescms Meigen, and his mistake has 
been incorporated into the papers of subsequent workers (Griinberg, 1910 ; 
Feuerbom, 1913). Thienemann (1909) has described the naked-eye appear- 
ance of the larva of P. cognatu Eaton under the name of P. nubila Eaton. 
Feuerbom j( 1923), in a paper which represents quite the most important 
contribution to our knowledge of the structure and ecology of larvae of this 
genus, has described and figured the larvae of P. cartescens, P. neglecta^ P. 
oognata, P. jmlchra Eaton, P. caUiilega Feuerbom, and P. fusca Macquart. 
This paper was not intended, however, to be a taxonomic study, and no formal 
description of the larvae of the species was given. Only such features were 
mentioned as appeared to be adaptations to marginal life, and in the case of 
P. canescens and P. fusca, only portions of the larvae were figured. His 
descriptions cannot, therefore, be regarded as satisfactory accounts of the 
species. 

With a view to tilling this gap in our knowledge of the early stages of the 
PsYCHODiDAE, the writer has been collecting and breeding out Pericoma 
larvae for the last three years. Absence from Britain now prevents the 
completion of the work, and it has been decided to publish the descriptions 
of the early stages of the twelve species that have so far been obtained. By 
incorporating three of Feuerbom’s descriptions, a key can be constructed 
covering fifteen of the twenty -four British species. In addition, short notes 
on the habitats in which the species have been found will be given after the 
description of each. 

Tonnoir (194#) divided the genus into three groups on characters of wing 
shape and venation. In group 1, containing the species P. trifasdatu Meigen, 
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P, calcilega Feuerbom, P. blafidula Eaton, P. pulchra Baton, P, exqumta 
Eaton, P. pseudexqumta Tonnoir, P. diversa Tonnoir, P. fallax Eaton and 
P. avicularia Tonnoir, the larvae and pupae of all but the second and last 
have been obtained and full descriptions can be given. The larva of P. 
calcilega has been described and figured by Feuerbom (1923) sufficiently fully 
to be included in the key. In group 2, containing the species P.^trivialis 
Eaton, P. nubila Eaton, P. palustris Eaton, P. gracilis Eaton, P. mutua Eaton, 
P. cognata, P. compta Eaton, P. extriccUa Eaton, P, pUularia Tonnoir, P. 
hibernioa Tonnoir, P. oanescens and P. neghctay the larvae and pupae of the 
first two and the last have been obtained, and Feuerbom’s (1923) description 
of P. canescens and P. cognata can be included in the key. In group 3, con- 
taining the species P.fusca Macquart, P. auriculata Walker and P. {UUmyia) 
fnliginosa^ material of the first and last has been obtained and will be described. 
Of the fifteen species of larvae dealt with in this paper, nine are thus described 
for the first time, three are amplifications of previous descriptions, and throe 
are inclusions from Feuerborn’s accounts. 

Material and Methods. 

All larvate and pupae de^scribed in this paper have been identified by 
breeding collected material through to the adult. The larval and pupal 
exuviae are remarkably resistant structures and can be treated with potash, 
glacial acetic acid and clove oil, mounted on strips of celluloid and included 
on the pin of their appropriate adult. In this way the possibility of confusing 
material is reduced to a minimum, since the larva, pupa and adult used in 
the description, are all the product of a single individual. 

Pericoma larvae survive quite well in small glass dishes containing moss 
or decaying leaves. Each larva was given a separate dish, and when it pupated 
the pupa was removed to a capsule containing moistened filter paper, given 
a temporary code number, and the same number copied onto the celluloid 
strip bearing the larval exuviae. With the isolated exception of P. trimodis, 
the writer has been unable to get the adult flies to deposit their eggs in cap- 
tivity, so it has not been possible to prepare cultures of each species, as was 
done with flies of the genus Psycheda, P, trivialis once deposited its eggs 
when confined over pledgets of cotton wool soaked in ditch water. The 
larvae hatching from these grew to maturity in a four-ounce jar containing 
saturated cotton wool mixed with scalded horse dung. 

Pericoma larvae are heavily pigmented, and as identification involves the 
inspection of both dorsal and ventral surfaces, it is essential to get them 
thoroughly cleared. Immersion in cold 5 per cent, caustic potash for two days, 
followed by a day each in glacial acetic acid and clove oil, gives a well-relaxed 
specimen in which a good deal of the black pigment has been dispersed. 
Pupae should be treated similarly, as pigment on the wall of the respiratory 
horn obscures the felt chamber within, on the shape of which identification 
often depends ; they should be mounted dorsal side uppermost. The larvae 
of two British species, P. trifasdata and P. calcilega, are normally thickly 
incrusted with lime when collected, and the specimens are spoilt by the violent 
effervescence which results in glacial acetic acid. Such 4arvae should be 
left for a night in 1 per cent, acetic acid before being put into caustic potash. 
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The General Structure op a Pericoma Larva. 

The identification of Pericoma larvae involves some acquaintance with the 
chaetotaxy, particularly of the abdominal segments, and a knowledge of the 
structure of the siphon, in this genus. 

The larva has a well-developed head and eleven evident body segments. 
The head is usually oval in outline, though occasionally markedly triangular, 
and has a U-shaped epicranial suture. Ventrally, the mouthparts lie in a 
semicircular depression bounded posteriorly by the toothed mentum. The 
mandible, maxilla and labrum are similar to those of Psychoda dlbipennis 
2ietterstedt (Keilin and Tate, 1937). The antennae are borne laterally, and 
each consists of two short rods, a longer rod, and a hair (fig. 3 b). The head 
capsule is covered by a pattern of small circular denticles, and this pattern is 
remarkably constant. Centrally are paired posterior clear areas, and anterior 
to these are one or two medial ones (fig. 4c). Immediately lateral to each 
epicranial suture is a large, elongate, clear area, and two circular ones occur 
lateral to this. On the side of the head near to the antenna lies a raised 
patch of transparent cuticle, the ocellus, and behind this is another clear area. 
A varying extent of the anterior region of the head is free from these denticles. 

All segments except the terminal one are divided into ring-like sub- 
segments or annuli. There are two of these in each of the three thoracic 
and first abdominal segments, and three in each of the remaining six abdominal 
segments. Each annulus bears a rectangular sclerotized plate dorsally, 
termed the tergal plate, and there are thus twenty-six of these in all. There 
is no tendency for the anterior plates of the series to be missing, as was the 
case in some of the larvae of the genus Psychoda (Satchell, 1947), and all 
Pericoma larvae so far examined have a full set. There is a great variety, 
however, in the length and arrangement of the setae on the tergal plates, 
and Feuerbom (1927) has worked out the chaetotaxy of the larva. He points 
out that a distinction has to be drawn between true setae, which are arti- 
culated structures with a basal ring, and are presumably sensory in function, 
and accessory setae which are simple extensions of the cuticle. Accessory 
setae are of sporadic occurrence, being absent in some species and very 
numerous in others. They are not even constant in their occurrence within 
the species in some of the very setose forms, such as P. trivialis. True setae, 
on the other hand, though they may be reduced in size, are rarely absent, 
and the same setal plan can be made out in all the species so far examined. 
In the descriptions which follow the number of setae stated refers to that of 
one half of the structure, as the larvae are perfectly bilaterally s)mimetrical. 

The setae present on the abdominal segments will be described first as 
they are of greatest importance as sources of diagnostic characters. Those 
present on the dorsal surface will be referred to as the pro-, meso- or meta- 
tergal setae, according as to whether they occur on the fore, mid or hind plate. 
The very minute intertergal setae, figured by Feuerbom (1927), are invisible 
except in specially prepared portions of isolated cuticle, and need not be 
considered. There are no true setae on the protergum (fig. 1 b), but two or 
three large accessory setae occur here in some species. There are always 
three minute true setae on the mesotergum, and in setose species three large 
accessory setae as well. In species with the setae reduced only the three 
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minute true ones are present. On the metatergum all are true setae, with 
four large and two small ones in each half-plate. The most medially placed 
of each side is separated from its partner by a distance termed by Feuerbom 
(1926) the Mittelraum.’’ Its relation to the width of the plate as a whole 
is a useful diagnostic character, and indicates the extent to which the setae 
have shifted towards the lateral margins ; this distance will be referred to as 
the intersetal space. Lateral to the medial seta are two with their bases 
approximated, and lateral to these is a fourth, on the margin of the plate. 
These four setae are always larger than the remaining two small ones, one of 
which lies immediately anterior to the fourth, also on the margin, and the 
other between the medial and the paired setae. As all the metatergal setae 
are true setae they are present in all species, though they tend to be smaller 
in the species with reduced setation. In the descriptions that follow, the 
setae will be numbered from the centre outwards, and when two setae have 
their bases approximated their numbers will be bracketed together. 

Bach abdominal segment bears setae on the lateral margin. On the 
posterior annulus two long and one short true setae occur, whilst a single true 
seta occurs on the anterior annulus. Ventrally, each middle annulus bears 
two setae ; aroimd their bases are small sclcrotized plates, and in some species 
the two plates of each side are joined. On the posterior annulus are two setae 
with their bases touching ; sometimes one of these setae is much lengthened 
and strongly hooked at the tip. 

The chaetotaxy of the thorax differs from that of the abdomen, and that 
of the prothorax differs from that of the raeso- and metathorax. The setae 
on the thoracic terga arc* borne on the anterior margin, whilst in the abdominal 
segments they are borne on the posterior margin. Unless otherwise stated 
all the thoracic setae mentioned are true setae. On the prothoracic protergum 
a row of seven setae occurs, which are not of equal length, and are arranged as 
follows : Short, long, short, long, short (long, long). On the metatergum 
the most medial seta is long, and a short on(‘ occurs lateral to it. More 
laterally lies a pair of long setae ^vhilst on the margin are two setae, one long, 
one short, with their bases touching. The proterga of the meso- Jind meta- 
thorax show various arrangements, but there are never more than three true 
setae in each. Sometimes all three are long ; sometimes two are long, one 
is short, and near it is a long accessory seta. On the metaterga, there is 
usually a single seta medially, and two pairs, more laterally, the outer pair 
being on the lateral margin. Immediately anterior to it, lies a small seta, 
whilst an additional small one lies between the most medial seta and the first 
pair. The setae on the lateral margins of the thorax are located on the anterior 
annuli only. On each lies a group of tw^o small and two long ones. Ventrally, 
lies a group of setae termed by Feuerbom (1927) the ‘‘ pedichaeten.'’ Each 
group is supposed to represent the sensory vestiges of the thoracic legs, and 
consists of two large and four small setae. A seta occurs on each side of this 
group whilst two more occur in the anterior annulus. 

On the posterior annulus of the prothorax lies the anterior spiracle elevated 
on a protuberance. There is not the variety of form seen in the anterior 
spiracles of Pericoma larvae such as occurred in those of Psychoda. In all it 
consists of a cylindrical sclcrotized structure with a terminal opening partly 
occluded by a plug with radiating threads connecting it to the rim. 
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The terminal segment (figs. Ic and 4c) is a compoimd structure derived 
from portions of segments 8, 9 and 10, and bears the tubular respiratory 
siphon with the posterior spiracles at the apex. The siphon has been formed 
from a sclerotized plate, termed the dorsal plate, which proximally covers the 
dorsal and most of the lateral surfaces of the terminal segment, and, distally, 
has been rolled up to form a tube. The length of the dorsal plate of the 
siphon is a convenient standard against which to measure other siphonal 
structures, and is to be taken as the distance, in the mid-line, from the anterior 
margin, where sclerotization commences, to the posterior margin. Laterally 
are three large and one smaller true setae, whilst two small true setae occur 
dorsally. Various accessory setae are borne on the siphon, and are of great 
diagnostic importance. Mid-ventrally, lies a large median plate, the preanal 
plate, with two setae on each side of its posterior margin ; behind the preanal 
plate is the anus. Above this are paired adanal plates with three long and 
one short setae. More anteriorly, on the lateral area of cuticle between the 
dorsal and preanal plates, are small rectangular lateral plates. Each bears 
a long and a short seta. 

The posterior spiracles are protected by two pairs of processes fringed 
with long hairs. These are accessory setae, and serve to entrap a bubble of 
air should the larva be submerged. The ventral processes are always the 
longer, and each bears four true setae near the tip ; a short one dorsally. a 
long and a short one ventrally and a long one laterally. These tend to be 
obscured by the long, hairy fringe. There is a single, short, true seta on the 
dorsal process. Each process is heavily sclerotized, and annular sclerotized 
elements are present around the base. When mention of the length of the 
process is made, it is to be taken as including these annular sclerotizations. 
Between the bases of the dorsal and ventral processes of each side, lies a 
spiracle, consistmg of a central plug with radiating threads connecting it to 
the spiracle rim. Aroimd the spiracle, and between the bases of the processes, 
are numerous polygonal sclerotizations. Between the margin of each spiracfe 
and the posterior margin of the dorsal plate, these polygonal elements are 
produced into long hairs which overlie the dorsal plate. Martmi (1928) 
interprets the spiracles as being intersegmental in position, lying on the 
boundary between the 8th and 9th segments. The dorsal plate, lateral plates 
and dorsal processes have all been derived from the 8th segment, the ventral 
processes and adanal plates from the 9th and the preanal plate from the 10th. 

The body wall is covered with a vestiture of numerous sclerotized thorns 
which show regional differences. In between the tergal plates they are usually 
very small and arranged in regular rows, whilst on the intersegmental lines 
they are very large and without points. Two large elements occur opposite 
the lateral margin of each metatergum, and one opposite the margin of each 
protergum. In some species larger elements are also present interannularly. 
A row of pointed or comb-like elements is often present on the ventral surface 
of the abdominal annuli ; these will be referred to as the ambulatory elements. 

The General Structure of the Pupa. 

The pupae are less easy to identify as they have fewer structures which 
show any differentiation amongst the species. The best sources of diagnostic 
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characters are the respiratory horns, the fringes of cuticular points and sensillae 
on the abdominal segments and the dorsal teeth of the terminal segments. 

The respiratory horns of all species are fundamentally similar to that 
of Psychoda alternata Say (Satchell, 19486). Each consists of an inner 
tube, the felt chamber (fig. 16) which meets the outer covering at a 
number of thin circular areas, the pits. These, primitively, are borne on the 
apex and posterior surface of the horn and form a double row. Where the 
wall of the horn is some distance from that of the felt chamber the latter is 
connected to the pits by a number of thin transparent tubes. The felt chamber 
passes through the annulated base, to the tracheal extension, and at the 
junction of the two is the darkly-pigmented lever which forms part of the 
mechanism, described in detail, in the pupa of Psychoda. This mechanism, 
it was suggested, may be a closing mechanism, and similar structures occur 
in all the Pericoma pupae so far examined. When measurements of the 
horn are given, the width is to be taken half-way up and the length from the 
most distal annulation. 

The fringes on the ventral surface of the abdominal segments are not so 
distinct, in the different species, as are those of the dorsal surface. Hence, 
in the descriptions, when mention is made of the abdominal fringes, reference 
to the posterior fringe on the dorsal surface of the seventh abdominal segment 
should be made. Similarly, in the terminal segment, which has paired dorsal 
and ventral teeth, it is only the dorsal teeth which show mu(‘h differentiation 
amongst the species. Usually each consists of a strong, pointed outgrowth 
of cuticle, with three trichoid sensillae distributed somewhere aroimd its 
base. Often, however, one of these trichoid sensillae has its hair-like element 
replaced by a strong point, shaped like an awl, and this modified sensilla 
takes the place of the cuticular tooth. Sometimes an intermediate condition 
prevails, and the awl-like sensilla is mounted half-way up the side of tin' 
cuticular point, so that the dorsal teeth appear bifid. 

The species P. irivialis, P. mibila, P. fuUginosa and P. neglecta all have 
t he respiratory horn in the primitive condition, with the felt chamber undivided 
and the pit row confined to the upper third of the horn ; it is impossible to 
distinguish these pupae from one another unless reference is made to th(‘ 
abdominal fringes. This type of horn also occurs in the genus Telmatosco'pm 
Eaton, for Feuerbom (1926) has figured the respiratory horns of T. ustulatus 
Walker and T. similis Tonnoir, and they appear to be indistinguishable from 
those of the four species of Pericoma previously mentioned. 


Key to Larvae. 

1. Larvae with ten setae, or more, on lateral jnargin of siphon, as in 

fig. Ic’ and D 2. 

With four setae or fewer on lateral margin of siphon as in fig. 4c and d 4. 

2. No more than three long setae on proterga, three on mesoterga, and 

four on inetaterga, of abdominal segments 3. 

Four long setae on proterga, six on mesoterga, and six on metaterga 
of abdominal segments P. coynata Eaton. 

3. Setae of abdominal tergal plates grouped closely together at plate 

lateral margins ; mounted on prominent sclerotized bosses ; inter- 
setal space half plate width or more .... P. canescens Meigen. 



British species of Periooma WaUoer {JHptera : Psychodidae) 419 

Setae of tergal plates well spaced so intersetal space is one-third plate 
width ; not mounted on sclerotized bosses ; posterior lateral setal 
group of abdominal segments consisting of three hairs of almost 
equal length ; a row of five or six accessory setae on dorsal surface 
of posterior third of siphon ; ventral siphonal processes angulated 

P. trimalis Eaton ; P, nubila Eaton. 


4. Head markedly triangular in outline, broadest at, or immediately 

anterior to, the base (as in fig. 2c) f). 

Head quadrate or oval in outline, broadest immediately posterior 
to the middle (as in figs. 10c and 11c) 7. 

5. Larvae coated with a thick crust of lime ; tergal setae broad and 

shaped like scythe blades (i. 

Larva without lime covciring ; much flattened dorso-veutrally ; 
tergal setae reduced ; each annulus laterally produced into a sclero- 
tized process bearing a posterior fringe of prominent teeth ; ventral 
siphonal process forming quadrate plates at their bases ; more than 


twice as long as dorsal plate of siphon (fig. 2) . P, pulchra 

6. Abdominal proterga with one large and three smaller flattened setae ; 

mesoterga with one large and five smaller flattened setae ; siphon 
dorsal plate with one large and three smaller flattened setae 

P. cahilega Feuerborn 

Abdominal proterga with three equal-sized flattened setae ; meso- 
terga also with three ; siphon dorsal plate with one large and two 
small flattened setae (fig. 3) P. trifasciata Meigen. 

7. Jjarvae with tergal setae strongly developed ; two setae on abdominal 

proterga 8. 

J^arvae with tergal setae weakly d(‘veloped : no setae on abdominal 

proterga 13. 

8. Two setae on each side of ventral .surface of middle annulus of each 

abdominal segment, with their bases joined by a sclerotized plate ; 
ventral ])roe.esses very long, four-fifths length of dorsal plate ; 
paired setae of posterior abdominal annuli unhooked (fig. 4) 

P. neglecta Eaton. 

Two setae on each middle abdominal annulus with separate sclerotized 

plates around their bases ‘d 

lb Preanal plate divided transversely into two halves ; three equal 
mesoterga I seta(‘ ; intersetal s])ace one-third plate width, ventral 
processes slightly more than half dorsal plate (fig. 6) P, exquisita Eaton. 
Preanal plate undivided ; either two long and one short.er mesoterga 1 

setae, or only two P). 

10. \'(*ntral processes of siphon nine-tenths length of dorsal plate ; paired 

curved setat*, of preanal plate subequal with their bases almost 
touching ; posterior margin of preanal plate with numerous black 
sclerotized tubercles ; mesotergal 3 one-quarter length of meso- 

tergal 2 (fig. 5) P- diversa Tonnoir. 

Ventral processes less than half length of dorsal plate ; preanal plate 
setae either unequal or, if approximately equal, then they are 
separated by a distance three to four times the width of one seta 
base 

11. Inner seta of preanal plate enormously longer than outer seta, very 

strongly curved ; outer seta short and fringed ; intersetal space 
one-third plate width ; mesotergal 3 one-third length of mesotergal 

2 (fig. 7) P,fal1xLx Eaton. 

Preanal plate setae of approximately equal length 12. 



Fig. 3. — Larva of P. trifaaciata Meigen. a. Whole larva, x 46 ; B, Fourth abdomina 
segment, X 117; c, Preanal plate, X 166; D, Siphon, dorsal view, X 166; B, 
Antenna, X 427. 
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12. Intersetal space less than half plate width ; mesotergal 3 one-third 

to one-half length of mesotergal 2 ; outer seta of pair on ventral 
surface of each posterior abdominal annulus hooked at tip ; preanal 

setae strongly curved (fig. 8) P. blandula Eaton. 

Intersetal space one-half to seven -tenths plate width ; mesotergal 3 
absent, so only two setae on mesoterga ; ventral posterior annular 
setae not hooked ; preanal setae not obviously curved (fig. 9) 

P. pseMdexquisita Tounoir. 

13. Larva whitish coloured ; head markedly quadrate ; surface free from 

denticles ; siphon long and slender with tapering terminal portion 
twice as long as swollen basal region ; ventral mid annular setae 

united by a sclerotized plate (fig. 10) P,fusca Macquart. 

Larva intensely black ; head oval, covered in posterior part with 
numerous denticles ; siphon not long, with tapering terminal portion 
scarcely as long as basal part ; ventral mid-annular setae with 
separate sclerotized plates (fig. 11) . . P. (Ulomyia) fuliqinosa M(*igen. 

Key to Pupae. 

1. Only primary pits on respiratory horn, appearing as a simple double 

row of circular patches of lighter cuticle 2. 

Each primary pit connected laterally to one or more secondary pits, 

so that pairs or ribbons of pits are formed ^8. 

2. Pits arranged in a circle around apex of horn, connecting by radiating 

tubes to swollen end of felt chamber whitjh bears a delicate reti- 
culate meshwork on its wall ; horn folding into a depression on 
sides of thorax ; abdominal segments with a fringe of teeth on 
lateral margins ; dorsal teeth of terminal segment absent (fig. 12) 

P. pukhra. 

Not such pupae 3. 

*3. Horn cylindrical, five to six times as long as broad, with a delicate 
reticulate meshwork on felt chamber wall (fig. 13) ; sensillae of 
posterior dorsal abdominal fringes trichoid (fig. 24) ; dorsal teeth 
of terminal segment replaced by a single, median, bifid, strongly 

rugose, spade-like process P. fnsca. 

Horn cylindrical, lacking reticulations on feR chamber ; paired dorsal 

teeth on terminal segment 4. 

1 . Pit row dividing apically into a long and a short row (fig. 14) ; sensillae 
of posterior dorsal abdominal fringes m form of long-bladed awls 
(fig. 25) ; each dorsal tooth of terminal segment appearing bifid, 
consisting of one awl-like sersilla and a cuticular point of equal 

length P. (ii versa. 

Pit row not divided apically into two ... 5 

5. Felt chamber with a subapical constriction immediately prior to where 

it begins to meet pit-bearing area (fig. 15) ; sensillae of posterior 
dorsal fringe in form of short-bladed awls (fig. 26) ; dorsal teeth of 
terminal segment consisting of an awl-like sensilla with a small 

cuticular point at the side P. frifasciata. 

No subapical constriction to felt chamber 6. 

6. Posterior dorsal fringe of seventh abdominal segment with sensillae 

awl-like (fig. 22) ; dorsal teeth of terminal segment formed from 

short-bladed, awl-like sensillae P. ^leglecta. 

Posterior fringe with trichoid sensillae .... .... 7. 
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7. Medial trichoid sensillae of posterior dorsal fringe of seventh ab- 

dominal segment widely separated ; no cuticular teeth between 

(fig. 21) P. fuUginoaa. 

Medial trichoid sensillae close together with about three cuticular teeth 
between (fig. 23) ; prominent incurved cuticular teeth on dorsal 
surface of terminal segment P, trivialis ; P. nubila. 

8. From each primary pit, one secondary pit is given ofi, so horn is 

covered with pits arranged in pairs ; felt chamber at least three- 

branched 9. 

From each primary pit a ribbon of between three and seven secondary 

pits is given off ; felt chamber either unbranched or two-branched 10. 

9. Horn at least three times as long as broad ; up to one hundred pairs 

of primary pits (fig. 17) P, exquisita. 

Horn not more than twice as long as broad ; between fifty and sixty 

pairs of primary pits (fig. 18) P. blanduUt. 

10. Felt chamber either un branched, or at most a bran(‘h much shorter 
than the remaining portion is given off half-way uj) (fig. 19) 

P. psmdexquiftita. 

Felt chamber dividing half-way up into two equal branches (fig. 20) 

P. fallax. 


P. trivialifi Eaton. 

Larva, — Fig. 1a. 7~9 min. long; normally thickly covered with mud and detritus; 
covering tending to be divided into two ridges M'ith gutter dovn middle, (‘orrt'Sponding 
to lateral sctal groups on tergal plates. Head oval, broadest just behind middle ; denticles 
reaching beyond ocelli, forming a row of 10 or more small teetJj when newx'd in outlin(‘ 
on head lateral margin ; mentum wth 13-15 bluntly -]K)in ted teeth. All setac^ wry 
long ; prothoraeic chaetotaxy on conventional j)lan : mesothorax with prot(;rgal 1 small, 
2 and 3 long ; a long accessory seta occurring between 1 and 2, and another betwetxi 
2 and 3, making a row of five in each half-plate ; raetatergum with an additional seta 
medially, otherwise on conventional plan ; abdominal sc*gment8 (fig. 1b) with tergal 
plates rather more than half body w idth ; protergum with thrt'e long setae, chaetotaxy 
otherwise on conventional plan ; all setae strongly curved iKJsteiiorly, subc>qual, ix'aching 
beyond margin of next tergal plate ; setae well spaced, so inteiwetal spaci* is only one- 
third plate w idth ; lateral group on posterior annulus (‘onsisting of three setae of almost 
equal length ; ventral mid -annular setae with separate sclerotized plates around bases, 
the outer plate larger than the imier ; lateral margins of segment deejfiy incised between 
annuli. Siphon (figs. Ic and d), somewhat variable in 8hai)e ; termmal processes short ; 
ventral pair bent at point where solid sclerotization is replaced by annular thickenings ; 
one-seventh length of dorsal plate of siphon ; dorsal process tw'o-thii ds length of ventral ; 
hairj’' fringes not well develojjed. Lateral margin of siphon bearing, in addition to the 
four true setae, a variable number, betweem six and ten accessory setae, which combine 
to give the appearance of a hairy fringe ; dorsally, in addition to the two true setae, one 
of which is greatly elongated, there are five or six accessory setae, in posterior third of 
siphon ; preanal plate with posterior setae weak, equally spaccxi, a fringe of comb-like 
elements between them. Vestitural elements almost devoid of teeth on dorsal surface 
of larva ; with long, hairy fringes laterally ; larger elements interannularly as well as 
intersegmentally ; ambulatoiy elements forming combs with long, hairy fringes ; most 
pronounced on anterior annulus of each abdominal segment. 

Pupa , — Respiratory horn very similar to that of P, negheta (fig. 16). Distinguished 
by posterior fringe of dorsal surface of seventh abdominal segment which has two or three 
points between medial simsillae (fig. 23) ; sensilla element trichoid, mounted on side of 
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a pointed tooth ; more lateral paired senaillae both trichoid. Dorsal teeth of terminal 
segment formed from solerotized^ pointed outgrowths of cuticle ; three trichoid sensillae 
around base of eaoh» no sensilla at tip. 

The larva and pupa of this species are indistinguishable from those of 
the closely-related P. nubila. These two species are separated only by the 
presence of a tuft of white hairs on the frons, and white scales on the antenna, 
of the male of P. nubilay and Tonnoir (1940) suggests that they may be a single 
species with dimorphic males, as he found a good many intermediates in 
Feuerbom’s collection. This suggestion is certainly borne out by an exami- 
nation of their larvae and pupae. The problem of these geminate species in 
the PsYCHODiDAE is a difficult one, however, since in another pair, P. canescens- 
P. neglecta the larvae differ considerably. In a family in which so many of 
the species are separable only on characters present in the male, the idea of 
riimorphic males is one which cannot be accepted until the early stages of 
many more of these geminate species have been described. 

The larva of P. trivialis is very variable, both in the shape of the siphon, 

‘ and in the number of accessory setae on it. It is exceedingly common and 
has been collected from every locality that has been visited regularly. It 
was abundant on the stony margins of a stream in Rutland, creeping about 
in the mud film. It was one of a number of Psychodid flies breeding out from 
mud collected from a mud flat at Meanwood Valley, near Leeds. It had 
colonized the mixture of mud and decaying leaves in a drying fish-pond in 
Nottinghamshire. All these localities had in common the presence of mud 
rich in organic remains and the absence of swiftly-flowing water. Its ubiquity 
IS due to the fact that such conditions are to be found on the margins of the 
majority of streams. The larvae crawl about on the surface fully exposed to 
view, but the covering of mud held by the dorsal setae make them very in- 
(’onspicuous, and they are often first recognized by the winding trails they 
leave on the glistening mud film. 

As has already been stated, this is the only species which the writer has 
succeeded in rearing in culture, where it grew to maturity on a diet of scalded 
horse dimg. The material from which the descriptions in this paper were 
derived consisted of larval and pupal exuviae of adult male P. trivialis. 

Both P. trivialis and P. nubila belong in Tonnoir’s second group, and it 
is in this group that most of the species whose larvae are as yet unknown 
occur. Feuerbom (1923) mentions that he has found a number of species of 
larvae which have a detritus covering, and are much alike, so the possi- 
bility exists that when these, at present unknown, larvae are described, the 
account of P. trivialis given here will have to be augmented. The problem is 
complicated by the fact that there is no generic character separating the larvae 
of the genus Telmatoscopus Eaton, of which there are twenty-three British 
species, from those of Pericoma. T. ustulatus Walker has a larva very like 
that of P. trivialiSy differing only in having two large teeth on the head lateral 
margin (Feuerbom, 1926), so the possibility that there are a number of larvae 
in this genus with a close resemblance to P. trivialis has to be borne in mind. 

P. cognata Eaton. 

No material of this species has been collected by the author, but Feuerbom 
(1923) gives a figure of the larva. From this it can be seen that the tergal 
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Fig. 4. — ^Larva of P. neglecta Eaton, a, Whole larva, X 20 ; B, Fourth abdominal 
segment, x 76 ; c. Siphon, lateral view, x 76 ; D, Siphon, dorsal view, X 76. 
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setae are extremely well developed, there being four long protergal setae, 
six long mesotergal setae and six long metatergal setae in each half-plate. 
It is stated to carry a thick covering of mud, and, like the other detritus- 
covered species, has a number of accessory setae on the lateral margin of the 
siphon. Thienemaim (1909) has described the habitat of this species, under 
the name of P, nvbila, as damp rocks on mountain road sides, where water 
flows, making loamy fissures on the rock surface. Feuerbom (1923) pointed 
out Thienemann’s error in identification. 

P. puhhra Eaton. 

The larva of this species was figured by Feuerbom (1923), and a more 
detailed account of the thoracic segments was included in his paper on chaeto- 
taxy (1927). It is so strongly modified to a life on the undersides of stones 
in moderately swift streams that it stands apart from all the other species. 

Larva, — Fig. 2a. 4-5 nun. long, normally free from detritus, strongly flattened 
dorso-ventrally ; blackish. Head (fig. 2c) markedly triangular, broadest just anterior 
to base ; ocelli more j) 08 terior than usual ; denticles very numerous, carried far forward 
to a line anterior to insertion of antennae ; forming conspicuous teeth on lateral head 
margin ; mentum with a single median tooth. Body bearing strongly scleroti/^d 
I)roc(^88es laterally on each annulus, an additional process present immediately behind 
each posterior annulus, so ea<;h thoracic segment l)ears three processes and each abdominal 
four; each process with a fringe of strongly sclerotized teeth. Thoracic tergal plates 
with groups of sclerotized teeth at lateral po8terif>r margins ; chaetotaxy reduced, pro- 
thoracic protergum with five, instead of seven setae, metatergum with the usual number ; 
meso- and metathoracic proterga with only two setae, metaterga normal ; all thoracic 
setae small and inconspicuous. Abdominal segments (fig. 2b) with paired sclerotized 
teeth at lateral margins of each tergal plate ; plates weU developed, slightly less than 
half width of segment ; setae weakly dcvelojied, only true setae present, all v(*ry incon- 
spicuous. Along posterior border of each tergal plate is a rov’ of lightly sclerotized pegs, 
incomplete medially on metatergum ; lateral posterior setae not differing greatly in length ; 
inserted on tip of sclerotized lateral process ; ventral mid -annular setae united by a 
sclerotized plate. Siphon (fig. 2n). with gr«*atly elongated ventral processes ; their bases 
expanded into quadrate plates ; shghtly more than twice as long as dorsal plate ; hairy 
fringe of great length and remarkably oven spacing of hairs ; doisal processes much 
curved, one-quarter length of ventral ; dorsal plate with setae much reduced and no 
accessory setae ; prt^anal plate* oblong, setae weak and straight ; adanal plates visible 
from dorsal surface and strongly toothed. Vestitural elements moderately sparse, well 
toothed ; larger elc»ments very conspicuous ; present intersegmentalJy but not inter- 
annularly, except in more lateral region of each segment ; n(^ pronounced ambulatory 
elements. 

Pupa, — Strongly flattened dorso-ventrally ; ventral surface very weakly sclerotized, 
yellowish white in colour ; dorsal surface strongly sclerotized. Respiratory horn (fig. 
12 ) conical, folding into a depression on the side of the thorax ; expanded apex with u, 
circular depression surrounded by a ring of pits wliich join to felt chamber by 21-23 
radially arranged tubes ; felt chamber with delicate reticulate markings. Body segments 
with lateral margins fringed with teeth ; terminal segment without dorsal teeth. 

The larvae and pupae of P. pulchra occur in springs and clear flowing 
streams, where the former creep about on the undersides of stones and leaves, 
sujEciently close to the water to be kept wet by its lapping. The structural 
peculiarities which characterize this species, such as the dorso-ventral 
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flattening, the lateral processes and the enlarged siphonal fringe, all serve 
to increase the area of contact between the larva and its substratxim, and 
presumably assist in lessening the danger of being washed away. Features 
which characterize the spec’ies living in moss and algae, such as the well- 
developed dorsal setae and the curved preanal setae are here very reduced. 
The pupa fixes itself flush with the surface, and adheres solely by this means. 
As in the larva, there has been an inen^ase in the area of contact by dorso- 
ventral flattenuig and the development of lateral spiny fringes, whilst the 
dorsal teeth of the terminal segment have been lost. Fcuierbom (1923) states 
that he has found larvae of this species on stones and leaves in springs, and 
Eaton (1893) collected the adults by a small cliff stream in Somerset. The 
writer’s material was collected from a small cool spring half-way up Thorpe 
(3oud, Derbyshire, and from a stream in Switzerland Wood in Leicestershire. 
It was also abundant in Meanwood Beck, a small stream near Leeds. 


P, trifasciata Meigen. 

The larva of this species, and the related calcileya, (tan be distinguished 
from all others by the fact that they are thickly covered with a crust of lime, 
and occur only in springs and streams with a high lime (‘.ontent. The lime 
covering is formed romid certain of the body setae whi(*h are gi’eatly flatt(*n(‘d 
and have the appearance of scythe blad(‘s ; they will be r(d(‘rred to as modifi(‘d 
setae. When brought into the laboratory, spe(‘im(uis cpiickly l(Kse tludr lime 
covering, as the water tends to become slightly acid, by ])iitrefaction of tin* 
plant material, and the lime is dissolved. 

Larva — Fig. 3a. 5- (i min. long, thickly c()vcr(‘d w ith lime, greyish whiti^ in colour. 

Head markedly triangular, broadest just anterior to base ; ocelli more jiosferior than 
usual, denticles v'ery numerous, carried forward to bast* of antenna (fig. 3is) ; mentum 
w ith 25-30 long, narrow', pointed teeth forming a hair-like fringe. Jh’othoracic jinitergurn 
wuth setae 2-b modified, 1 and 7 normal; metatergum with coin^tmtional jilan, all but 
the tw'o small setae modified; mesothoracic prof(‘rgum with three small trut* setae and 
tw'o modified accessory setae ; rnetaterguin as in jirothorax ; melathorax similar to meso- 
thorax. Abdominal segments (fig. 3u) with w'ell-developed tergal platt‘8 four-sevenths 
of segment width ; jirotcrgum with three mtKlified accessory s(*tat* ; rm*sotergum wdtli 
three mtxlified aetjessory setae and three small plumose true Kt‘t.ae ; mctab'rgurn with 
the usual four large setae modified, and the two small ones jilumose ; setai* well spaced, 
intersetal space one.quarter jilaU* wddth ; lateral group on jmsterior annulus w ith the 
small seta modified, the two large ones normal ; anterior latci’al seta modified ; v'cntral 
niid-amiular seta bnmdened, on s(‘parate sclerotized jilates ; post -annular setae wdth oiu* 
short trichoid type, and one longer broad seta, hooked at tip. 8ij)hon (fig. 3i>) with 
ventral processes four-tenths length of dorsal plate ; dorsal j)n)C(*8se8 one-tiiird lengtii 
of ventral; anterior two, of the four main lateral setae, art* modified ; three modifi(*d 
accessory setae dorsally, with bases one lx»hind the other ; anterior one larger ; j)r(*ana 1 
plate with setae strongly curved and set close together ; sclerotized tulK*r(;les on posterior 
margin. V'estitural elements lightly sclerotiz(‘d ; larger elements not pj-(‘sent, int(*r- 
annularly ; lateral elements with hairy fringes, jiarticularly on each abdominal middle 
annulus ; ambulatory elements simple points, b(*st developed on each anterior annulus. 

Papa. — Not covered with lime ; respiratory liorn (fig. 15) four to five times as long 
as broad, cylmdrical and untapered, w hen seen in posterior view' ; outer surfa(*e with 
faint, scale-like markings ; pits in a simple double row in apical portion of horn, 14- It) 
in each row ; felt chambei with a constriction immediately jmor to where it Ix^gins to 
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expand to meet the pit*beanng area. Posterior fringe of dorsal surface of seventh ab- 
dominal segment (fig. 26), with two or three points between medial sensillae ; sensilla 
element awl-like ; more lateral paired sensillae with one trichoid and one awl-like element. 
Dorsal teeth of terminal segment appearing bifid ; consisting of a outicular point with an 
awl-like sensilla half-way up. 

The modified, lime-bearing setae of this species are so characteristic that 
the only species with which it might be confused is P. cahilega, which also 
bears them. From the figure Feuerbom (1923) gives of the posterior two 
segments of this larva, it would appear to be differentiated from P. trifasciata 
by the greater number of modified accessory setae on the tergal plates. The 
protergum bears a large one at the comer and three smaller ones more medially, 
whilst the mesotergum has a large comer one and five smaller ones medially. 
In addition, there is an extra small modified seta on the dorsal plate of the 
siphon, making three small and one large modified seta in each half. 

One of the British species of the related genus Tehnatoscopus, T. dedpiens, 
has a larva which lives in limy springs, and is covered with a thick lime crust. 
It can be distinguished from the two species of Pericoma just described, by 
the shape of the head, which is oval. The markedly triangular head is limited 
to the three species, P. pulchra, P. trifasciata and P. caldlega, 

Feuerbom (1923) records P. trifasciata and P. calciJega from limy springs 
and streams. The material of P. trifasciata described in this paper was collected 
from the small springs and streams that flow from the steep rock faces lining 
the roads in North Derbyshire. These streams are rich in calcium carbonate, 
and a limy crust covers the rock face and even the leaves of the moss that 
grows there. Amongst the moss of some springs and streams in Millers Dale 
these larvae were found in great abundance. 

Feuerbom (1923) suggests that the thick lime covering is an adaptation 
to reduce desiccation, thereby enabling the larva to penetrate further from 
the stream margin, than would otherwise be possible. In favour of this 
suggestion it can be said firstly, that the body setae are linlike those of non- 
limy species and the lime does adhere to them, though precisely why they 
assume the form they do is not clear. Se(;ondly, it is only the setae of the 
dorsal and lateral surfaces which are so modified. The ventral setae are quite 
normal, and there is no lime covering on the ventral surface. It may bo 
assumed that evaporation from the ventral surface, in contact with the damp 
ground, is less than from the dorsal, and there is, therefore, less need for a 
lime covering there. Thirdly, against the view that the lime covering is 
fortuitous, and merely the result of precipitation from a saturated solution, 
is the fact that larvae of other species of Pericoma, notably P. fuliginosa and 
P. exquisita, were found, along with P. trifasciata in the Millers Dale streams, 
and were quite free from any lime covering. It is, however, so easy to free 
larvae of this species from the chalky investment, that it should not b(‘ 
dijBScult to put Feuerbom’s hyqwthesis to experimental verification. 

P. negUcta Eaton. 

The larva of this species was the first Periconui larva to be described in 
any detail. Miall (1896) described it under the name of P. canescens, a closely- 
related species, distinguished in the adult only by differences in the male 
genitalia. MialVs paper was read in title before the Entomological 
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Society of London on 6th February, 1895, and Eaton published his description 
of P. neglecta in May, 1893. It is impossible to ascertain how long MialFs 
paper was in the press, and how long, before submitting it, he had his material 
identified, but there is a strong probability that his mistake was inevitable, 
resulting from the fact that no distinction had been drawn between the two 
species at the time. Griinberg (1910) copied his error, as also did Peucrborn 
(1913). By 1923, however, Feuerbom had bred out the larvae of both species, 
and in his paper pointed out the great difference that exists between them. 
Since Feuerbom’s 1923 account is very incomplete, there is still a need for 
a thorough description of P. canescens. 

lAirra. — ^Fig. 4a. 6~8 miii, long, normally free from detritus, black. Head oval, 

broadest just behind middle ; denticles not reaching beyond line joining anterior margin 
of ocelli; men turn bearing a row of 18-20 short, bluntly-pointed teeth. Prothoracic 
chaetotaxy on conventional plan ; mesothoracic protergum with seta 1 moderately long 
and fringed, 2 and 3 n<^t fringed ; metathoracic protergum with one long accessory seta, 
one short true seta near its base, and two long true setae ; metaterga witli tMO setae* 
medially. Abdominal segments (fig. 4ii), with tergal plates equal to half segment width ; 
two j>rotergal setae, chaetotaxy otherwise on conventional plan ; setae subt^qual, reaching 
just beyond middle of next annulus; grouped close to plate margin, so that intersetai 
space is two-thirds of plate width ; all setae mounted on prominent sclcrotiz(‘d bosses ; 
tergal plates largely free from vestitural elements, ex(‘ept for a fenv eir(‘ular d(*nticles in 
centre of each plate, more numerous on metaterguin than jirotergum. Ventral mid- 
annular setae united by sclerotized plates : j) 08 t-annular setae not hooked al lip. Siphon 
(fig. 4c and d) with processes long; ventral processes four-fiftlis of dorsal }>late, dorsal 
processes four-fifths length of ventral ; hairy fringes very long ; margin of si]>hon indented 
between bases of main lateral setae ; a single accessory seta present dorsally ; separat(*d 
from its partner by a distance slightly l(‘ss than half siphon width at same le\ el ; pr€*amil 
plate wdth setae sjiaced equidistantly, not obviously curved; sjiace lietwia'ii fillt‘il with 
comb-like elements with hairy fringes. Vestitural elements moderately toolh(*d, niOK* 
so at lateral margins; each abdominal annulus with a row of ambulatory elements mid- 
ventrally, consisting of comb-like scales with hairy fringes. 

Pupa . — Respiratory horn <*ylindrical in posterior view, broader ajucally in sidi* vivw 
(fig. 10), five times as long as broad ; covered, except in pitted region, with scale-like 
markings ; pits arranged in a simple double row, 12- 14 in one row, 18-20 in other ; con- 
fined to upper third of horn. Fringe on jiosterior margin of dorsal surface of H(‘ventli 
abdominal segment (fig. 22) with two or three pointed tt*eth between medial sensillae ; 
these consist of an awi-like blade mounted on a jiroininent sclerotized boss ; more lateral 
paired sensillae with one trichoid, one awi-like element. Doisal teeth of terminal segment 
formed from awi-like sensillae at tips of fuitwardly-eurving processes. 

The larva of this species is most likely to be confused with that of 
diverm which has a similar siphon and often oct urs along with it. it is readily 
distinguished from P. diverm by th(» common plates linking the ventral micl 
annular seta(% and the absentie of hooked post-aimular setae. 

The larva of P. neglecta is found on mill weirs and waterfalls in clumps 
of moss which, though continually drenched by the falling water, are not 
completely submerged. By means of its strongly developed doi'sal setais 
and its habit of curling around moss stems, it maintains a firm hold on its 
surroundings in spite of the buffets of the cascade. The material described 
in this paper was collecited on a small waterfall on Meanw^ood Beck, near 
Leeds, on the falls of the River Dove, Derbyshire, and the weirs of Bradgate 
stream, Bradgate Park, Leicjestershire. 
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P. canesceths Meigen. 

No material of this species has been collected by the writer, but according 
to Feuerbom’s (1923) figure of the posterior three segments of the larva, it 
can at once be distinguished from P. neglecta by the numerous accessory 
setae on the lateral margins of the siphon, and the shorter siphonal arms. 
The tergal plates look very like those of P. ^leglecta, with strongly developed 
setae, set on sclerotized bosses and located at the margins of the tergal plates. 
The group of circular denticles in the centre of each plate is another point of 
similarity. The more lateral location of the tergal setae is a feature serving 
to distinguish it from the larva of P. trivialis. 

P. canescens occurs in very diJlerent habitats from P. neglecta. Feuerbom 
(1923) records it from rotting leaves on stream margins, and Mayer (1938) 
includes it in his survey of the fauna of beech tree holes. 

P. diversa Tonnoir. 

Larm . — ^Fig. 5 a . 5-5 mm. long, normally free from detritus. Head oval, broadest 
just l)ehind middle ; denticles rather feeble but reaching around ocellus to anteima base, 
absent from anterior central region ; mentum with a closely set row of 25-30 long, fine, 
}x)iiited teeth having the appearance (»f a fringe of hairs. All setae very thi(‘k and short ; 
prothoracic chaetotaxy on conventional plan ; mesothoracic protergum \^ith two large 
accessory setae and three small true ones ; metatergum on conventional plan ; meta- 
thoracic terga as in mesothorax. Alxlominal segments (fig. 5 b), v ith tergal plates half* 
segment width ; two protergal setae ; three mesotergal setae ; mesotergal 3 is a short, 
stumpy seta, one-quarter length of mesotergal 2 ; metatergal setae on conventional plan ; 
setae well spaced, intersetal space one-third plate width ; setae reaching only to middle 
of next tergum ; ventral mid-annuhir setae with separate sclerotized plates around their 
bases ; {>ost-annular setae with one strongly hooked at tip. Siphon (fig. 5d), with ventral 
processes nine- tenths length of dorsal plate ; dorsal processes six- tenths length of ventral ; 
hairy fringes long ; margins of siphon indented between bases of main lateral sc^tae, which 
are short and thick ; two accessory setae dorsally, with their bases close together, separated 
from partners of opposite side by a distance one-quarter of siphon width at same level ; 
preanal plate (fig. 5c), with posterior setae very strongly curved ; the two of each side 
with their bases close together ; remainder of posterior margin covered with strong, black, 
heavily sclerotized tubercles. Vestitural elements moderately toothed ; a group of strong, 
pointed teeth on the lateral margin of each middle annulus of alxlominal segments ; 
ambulatory elements comb-shaj)ed, vcntrally, on each abdominal annulus. 

Pupa . — Itespiratory horn (fig. 14) five times as long as broad, dilated apically ; double 
pit row commences on posterior face one- third way down, and after 13-15 pairs of pits, 
divides into two ; longer portion curves over apex and just commences descending anterior 
face before terminating ; 11-12 pits in length ; shorter portion runs off to one side before 
terminating ; 8-10 pits in length ; division of pit row may be difficult to see as it occurs 
at apex. Posterior fringe of dorsal surface of seventh abdominal segment (fig. 25) with 
one or two points between medial sensdlae ; sensilla element in form of a long, our\ ed, 
awl-like blade ; mounted on long sclerotized bosses ; more lateral paired sensillae with 
one awl-like and one trichoid element. Dorsal tooth of terminal segment formed from 
short awl-like sensilla with cuticular point at one side. 

This species is less coiniuon than the others, and the larva has not been 
taken sufficiently frequently to enable much information about its habitat 
to be given. It has only been found in the moss tufts kept wet by the sprny 
from the waterfalls in Bradgate Park, Leicestershire. This habitat it shares 
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with P. neglectay but dees not appear to venture so far into the really turbulent 
region as does the latter species. 

The four species P, exquisita, P. fallax, P. blandula and P. pseudexquisita 
have larvae with, superficially, a very similar appearance. Moreover, they 
are all to be found in mats of the alga Cladophora, and two, or even three, of 
these species may oc(;ur together. Providing that the siphon has been 
sufficiently .cleared for the dorsal accessory setae and the preanal plate to be 
seen, however, they can be readily distinguished from one another. 


P. exquisita Eaton. 

Feuerborn (1927) figures the anterior four segments of what he claims 
to l)e the larva of P. exquisita. It is almost impossil)le to judge from the 
anterior segments alone, what species he was dealing with, but it is unlikely 
to have been P. exquisita, because this species is absent from the (Wtiiunt 
(Tonnoir, 1940), and, moreover, the figure of the pupal horn on the opposite 
page, also (daiming to be that of P. exquisita, is clearly that of some other 
species. 

Larva. — Fig. 6a. 5-6 nun. long, usually free from dt*tritus, black. Head oval, 
broadest just behind middle ; denticles present to anterior nuirgm of ocelli ; mentuin with 
a large tooth at both ends,* eorineeted by an undulating border with a fringe* of 25 *30 
long, narrow, pointed teeth anterior to it. All setae long and w(‘ll developed ; prothoracie 
protergurn with all seven setae long ; metatergiun (fig. t>E) with seta 2 separated from 
(3 + 4) by a distance greater than the width of a seta ba.se ; hu‘.so* and metathoraeie 
proterga with one short true seta, two long triu* setae, and two long aeei‘8sory R(*tae ; 
nietaterga on eoiiventional plan. Abdominal segments (tig. (in) with tergal plates one- 
half body width ; two jirotergal setae, chaetotaxy otherwise on conventional ]>lan ; int(‘r- 
.setal space one-third plate width ; setae long, suln^jual, reaching beyond middle of iK*xt 
tergal jilate ; ventral mid -annular setae with separatii .selerotized piatt‘s ; jiost-annular 
setae with one hooked at tip. Siphon (fig. Od), with v(»ntral processes sliglitly more than 
half length of dorsal platt* ; dorsal jiroeesses slightly more than half ventral ; no accessory 
setae laterally ; two present dorsally ; anterior one separated from its partner of ojijiosite 
side by a dist/anee one-eighth of siphon width at same level, and from tht* more posterior 
one of the same side by twice this distance ; preanal plate (fig. 6c) unique in being dividtHi 
transversely into two ; jxisterior half with usual two curved setae on j)oat<*rior margin ; 
of equal length and equally spa(ied ; posterior fringe of about 12 long, pointed teeth. V(58ti- 
ture showing large elements present interannulaiiy as well as inverseginentally ; prominent 
tefeth present laterally on tlie middle annulus and posterior to the lateral posterior setal 
group, of each abdominal segment ; ambulatory elements simple, jiointed teeth best 
developed on each anterior annulus. 

Pwpa. — Respiratory hom three times as long as broad ; felt chamber divided into 
three, one branch lying alongside main stalk in posterior third, one running across in 
middle third, and one curving round the axiex and partly down one side (fig. 17). Other 
smaller branches may arise in various positions. Double pit row following course of 
branches of felt chamber ; each primary pit .communicating on ouit^r side with one second- 
ary pit, so hom is covered with pairs of pits ; virtually the whole of dorsal surface is covered 
with these bands of double pits ; between 80 and 100 pairs of primary pits in all. Posterior 
fringe of dorsal surface of seventh abdominal segment with none to two points between 
medial sensillae which have sickle-shaped elements ; dorsal teeth of terminal segment 
formed from sensillae of same type. 



British species of Pericoma Walker (Diptera : Psychodidae) 437 



II 

Fio. 11.— Larva of P. (Ulomyw) fuliginosa, a. Whole larva, X 30 ; B, Fourth abdominal 
, segment, X 76; o. Head, X 92; o, Siphon, X 92. 
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P. faUax Eaton. 

Larva, — ^Eig. 7a. 5-6 mm. long ; normally free from detritus ; black. Head oval^ 
broadest just behind middle ; denticles carried forward to the level of anterior maigin 
of ocelli ; mentum with a fringe of 18-24 narrow, pointed, hair-like teeth. Setae only 
of moderate length ; thoracic chaetotaxy on conventional plan, except that meso- and 
metathoracic proterga have all three true setae large, and two small accessory setae in 
addition ; prothoracic metatergum (fig. Tx) with seta 2 separated from (3 + 4) by a 
distance greater than width of seta base. Abdominal segments (fig. 7b), with tergal 
plates seven-tenths of segment width ; protergum with two accessory setae, mesotergum 
with three accessoiy setae ; mesotergal 3 is a short stumpy hair, only one-third length of 
mesotergal 2 ; metatergum with setae on conventional plan ; apart from mesotergal 3, 
setae subequal, reaching beyond next tergum ; well spaced, intersetal space one-third 
plate width ; ventral mid-annular setae on separate sclerotized plates, post-annular 
setae with one hooked at tip. Siphon (fig. 7i>) with ventral processes one-quarter length 
of dorsal plate ; dorsal processes six-tenths length of ventral ; three accessory setae 
dorsaUy ; longer anterior one, separated from its partner of opposite side, by a distance 
one-fifth to one-sixth of siphon width at same level, and from the more posterior two setae 
of the same side by twice this distance ; preanal plate (fig. 7c), unique in that posterior 
setae are not on its border but behind it ; inner seta is greatly elongate and curved in a 
semicircle ; outer one is short, uncurved and fringed ; between them lies a row of selero- 
tized points. Vestitural elements moderately toothed ; larger elements present inter- 
annularly as well as intersegmentally ; prominent teeth pi*e8ent laterally on the middle 
annulus, and posterior to the lateral posterior setal group, of each abdominal segment ; 
ambulatory elements simple pomts best developed on each anterior abdominal annulus. 

Pupa, — ^Respiratory horn (fig. 20), two and a half times as long as broad ; felt chamber 
dividing into two in middle of horn, one branch running backwards parallel with main 
stem for a short distance, the other ascending to the apex and curving backwards for a 
short distance ; pit row dividing and following branches of felt chamber ; from each 
primaiy pit a ribbon of from 3-6 secondary pits curves round the horn ; 55-60 primary' 
pits in each row. Posterior abdominal fringes and terminal teeth as in P, exquisita, 

P, blandula Eaton. 

Larva, — Fig. 8a. 4-5 mm. long, free from detritus, black. Head oval, broadest 
just behind middle ; denticles rather sjrnrse, reaching forward to level of anterior margin 
of ocellus ; mentum with a fringe of 16-20 narrow, jiointed, hair-like teeth. Setae moder- 
ately developed ; thoracic chaetotaxy on conventional plan except that meso- and meta- 
thoracic proterga have one long and one short accessory setae in addition to the three 
small true setae ; prothoracic meta tergal 2 separated from (3 4) by a distance greater 

than the width of a seta base (fig. 8e). Abdominal segments (fig. 8b) with tergal platens 
one-half segment width ; two protergal setae, three mesotergal setae ; mesotergal 3 is 
a short, stumpy seta, one-half to one-third length of mesotergal 2 ; metatergum with 
setae on conventional plan ; setae, apart from mesotergal 3, subequal, reaching to middle 
of next annulus ; well spaced, intersetal space slightly less than half plate width ; ventral 
mid-annular setae with separate sclerotized plates ; x)ost-annular setae with one hooked 
at tip. Siphon (fig. 8d) with ventral processes one-third length of dorsal plate ; dorsal 
processes four-tenths length of ventral ; two accessory setae present dorsally ; more 
anterior, separated from its partner of opposite side, by a distance between one-third 
and one-half siphon Mudth at this level, and from more posterior seta of same side by one- 
third this distance , preanal plate with posterior setae subequal, strongly curved ; {)osterior 
fringe of lightly sclerotized, pointed teeth. Vestitural elements moderately toothed ; 
larger elements interannularly as well as intersegmentally ; prominent teeth present 
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laterally on the middle annulus of each abdominal segment ; ambulatory elements simple 
})ointed teeth on each abdominal annulus. 

Pupa, Respiratory horn (fig. 18) twice as long as broad ; felt (chamber thret^- branched, 
with a branch both sides of the main stem and one curling over the apex ; pit row foUowing 
branches of felt chamber ; from each jirimary pit one secondary pit is given off, so a paired 
structure is produced ; 55-80 primary pits in each row'. Pf)sterior fringe t>f dorsal surface 
of seventh abdominal segment, and terminal teeth, as in P. exquisita. 


P* paeudexquisita Tomioir . 

Larva , — Rig. Oa. 5^8 mm. long, free from detritus, black. Head oval, broadest 
just behind middle ; denti(;Ies not reaching beyond posterior margin of ocelli ; men turn 
with a fringe of 20-25 narrow, pointed, hair-like te<^th. Setae long and well developed ; 
j>rothoracic ])rotergum with all seven setae long, thcTc l)eing little difference in size ; meso- 
thoracic i)rotergum with thiee large accessory setae, and thret* small true setae ; meta- 
thora(dc protergimi with t uo large accessory setae and thrt*e small true ones ; prothoracic 
metaterga with s<*ta 2 s(‘j)arated from (3 -f 4) by a distance equal to, or less than, the 
width of a seta base (fig. Ok). Abdominal segments (fig. 9 b), rather wider than in jirevious 
thrcH* sp(M i(*s ; t(‘rgal jilates slightly more than half segment uidth ; two protergal setae ; 
only two mesotcTgal setae, instead of the usual three, mesotergal 3 of the oth<‘r Kj)t*cies 
here being absent ; m<-tatergal setae* on <*onventional plan ; setae reaching beyond middle 
of next plate ,* crowded to lateral margins, so intersetal space is from half to seven-tenths 
of })late A\idth ; ventral mid-armular setae with sejwirate sclerotized i)late8 around their 
bases; ]Kist -annular setat* not hooked. »Sij)lion (fig. On), with ventral j)rocesses four- 
tenths kuigtb of dorsal j)late ; dorsal jU’ocesses four-t(*nt hs length of ventral ; a single* a(*ces- 
soiy seta dorsaliy, sejiarated from its j)artn<*r of opposite side by a distance one-half siphon 
aidth at same level , the two small trui* setae usually present in this position are largej 
than in the j)r(‘viou.s thr(*e sj)ecit*s ; j>reanal jdate with posterior setae weak, and not 
obMously curved ; jjostenor fringe of comb-like elements. Wstitural ele!»U‘jits rather 
more heavily sck*rotiz(*d tlian in the three previous s])ecies ; larger <‘lem(*nts present 
interannularlv as well as intersegmentally ; tooth-like elements on lateral margin of 
each middle annulus not strongly developed ; ambulatory elements in form of })eg-like 
structures arranged in a transverst* row on each abdominal annulus. 

Pupa. - -Respiratfuy horn (tig. 19), three times as long as broad , ft‘lt chamber usually 
undivided but bent hack on its(‘lf ajucally ; sometimes a short branch to the felt chamber 
IS given off half way up ; ])it row following felt chamlx'r, betwd'u 37 and 49 ])its in each 
low ; from t*ach ])rimaiy pit a rihlxtn of u}» to seven secondary jiits runs off and paitly 
encircles horn. Fringes of abdominal s<‘gments and teeth of terminal segment vervsimilai 
to those of P. fxquistla. 

Tile four s])(*(*i(‘s of larvae just described all occurred in the mats of algae, 
chiefly Cladophora , which clotlied stones projecting Irom the stream in Bradgate 
Park, Leic(*stershir(‘. P. esqaisifa and P. psr.adexquisita were the most com 
monly occurring s])ecies, P. bUindnla less I’ommon, and P.fallax rather scarce. 
Larvae of the first two specuvs were taken at other localities ; P. exquisita 
was often jiresent' in the s])ray -drenched moss from tin itiver Dove waterfalls, 
and the streams in Millers Dale, in Derbyshire. P. pscudexqmsita was collected 
from Cladophora mtits clinging to lock gates both on the Wollaton ('Janal, 
Nottinghamshir(\ and the Rivw Ouse, in Huntingdonshire. They were, 
however, so often present, and in such abundance, in the algal mats at Brad- 
gate, that these must rank first in importance in their list of habitats. 

Not only are the larvae of these four s])ocies superficially rather alike, 
but their pupae differ from thi* others in the increased size and number of 
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their pits. The addition of an extra pit, in P, exquidta and P. blandula, and 
a ribbon of pits in P. fallax and P. psendexquisita, to the lateral margin of 
each primary pit, is a feature that occurs in no other Pericoma pupa so far 
described. It has the effect of greatly increasing the area of pit membrane 
through which gaseous exchange may occur. By measuring the area of ten 



Figs. 12-16.-™ Respiratory horns of Perkonia jjupae, all X 293. (12) I\ pukhm, (13) 

P,fvsca, (14) P. diversa, (15) P. mlcilega^ (1C) negkcta. 
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pits at random, averaging the result and multiplying by the total number 
of pits, it has been possible to make an estimate of just how much greater is 
the area. The actual number of pits varies from one individual to another, 
and the figures given refer to the result obtained from a single specimen in 
each case, as only in preparations in which the horn is exceptionally well 
displayed, is it possible to count the pits at all accurately. Taking P. neglecta 
as a standard, the surface of the pit membrane is thirty-four times as great 
in P. blandula, fifty-seven in P. fallax, sixty-two in P. pse'adexquisita and 
ninety in P. exquisita. These differences are the more remarkable when it is 
realized that all the four species concerned are small, and have pupae con- 
siderably smaller in bulk than P. neglecta. Why these enormously greater 
respiratory surfaces should be needed by j)upae living in algal mats, compared 
with ones living in moss or leaf mould is not clear. So little is known about 
the physical processes involved in the fun(‘-tioning of the dipterous pupal 
respiratory horn that it is pointless to speculate further. 

P. fusca Macquart. 

The last two body segments of the Larva of this species were figured by 
Feuerborn (1923), and are sufficient to indicate that it differs considerably 
from that of the other species so far dcvscribed. It bears a strong superficial 
resemblance to a Psychoda larva, for the vestiture is rather sparse, giving the 
larva a wliitish appearance, and the siphon is greatly elongated, as is often 
the c<ase in larvae of that genus (Satchell, 1947). The presence of a preanal 
plate, and the character of the antenna, are alone sufficient, however, to 
indicate that it is not a Psychoda larva. 

L(jrra, —Fig. 10a. O-IO inm, Jong, v(*ry slender and vermiform, fit^e from detritus 
covering ; whitish. Head markedly quadrate (fig. JOc). broadest at the middle ; surface 
smooth owing to absence of denticles ; merit urn not tcxithed. Setae thin and pale ; 
thoracic ehaetotaxy on conventional jdan except that the most medial four setae of each 
metaterga are grouped together. AMominal segments (fig. 10b) with tergal plates, onJ\ 
twice as wide as long, one-quarter width of segment ; no protergal setae ; mesotergal 1 
long, 2 short, 3 long ; thest' an' the three true setae normally present , no accessory 
mesotergal setae ; metatergal 1 and (2 -f 3) in a compact group near the lateral margin ; 
interset al space one-lialf jilate width ; setae long and slender, reaching to next tergal 
plate ; ventral mid-annular setae with their bases united by a sclerotized plate ; jxjst- 
aimular setae not hooked. Siphon (fig. lOn), exceptionaUy long and slendei. with a 
gently ta])ering t/erminal portion twice as long as the swollen basal region ; processc's 
reduced, ventral process between oiu* twenty-fifth and one-thirtieth length of si])hon ; 
no accessory setae ; preanal plate with setae weak and not curved. Vestitural elements 
sparsely placed ; larger elements interunnularly as well as intersegmentally ; spines of 
vestitural elements j)roject vertically out from base, and are then bent through ninety 
degrees (fig. 10 k). Xo ambulatory elements present. 

Pupa, — Respiratory horn (fig. 13), slender, five to six times as long as broad. Pits 
in a simple double row, extending four- tenths of distance down horn, ir>- 16 m each row ; 
felt chamber with a fine n^fculate mesh work on its surface. Posterior dorsal fringe of 
seventh abdominal segment w ith ten or so short, blunt tooth between medial sensillae, 
which are trichoid (fig. 24). Dorsal surface of terminal segment not bearing the usual 
paired teeth, but instead a single, median, bifid, strongly rugose, spade-like process. 

Feuerbom (1923) mentions that the larva of P, auriculata Walker is 
similar to that of P, fusca, and since those two specaes are another example 
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of geminate species, or species pairs, the possibility exists that their larvae 
are indistinguishable as is the case with P. trivialis-P, nybila. Until, however, 
the larva of P. auriculata has been described, it cannot be ascertained just 
how alike they are. 

The material described in this paper was collected in soft leaf mould border- 
ing a stream in Switherland Wood, Leicestershire. This stream runs through 
an area of marshy ground overhung by alders, and their leaves had rotted 
down to a moist compost in which no trace of their structure could be seen. 
In this material the larvae occurred. Feuerboni (1923) mentions that this 
larva lives in soft, rich leaf mould, and that it does not crawl about on the 
surface, but burrows right into it. Eaton (1893) states that the adults 
aboimded in a wood containing a pond in Somerset, and Macquart (1824) 
who described the species, mentions that he collected it in a wood. 

In its habit of burrowing into leaf mould, this larva has adopted a mode 
of life differing from that of the majority of spetdes of Pericomay a difference 
that is reflected in its structure. The elongation of the siphon, and of the 
body itself, enables it to explore a greater depth of material whilst still retaining 
a comnuuiication with the atmosphere. The reduction of the dorsal setae, 
and the loss of all accessory setae is to be expected ; su(‘h structures would 
impede a burrowing larva. Similar modifications have occurred in larvae^ 
of the genus Psychoda (Satchell, 1947) the majorit}' of wliich live in catth* 
dung, where somewhat similar conditions prevail (Satchell, 1948o). It is of 
interest that a similar type of Pericoma larva occurs in America, for Johannsen 
(1934) has described an imidentified species of Pencoma larva, which he 
designates Species A, in which the siphon is similarly elongated. It is not th<‘ 
larva of P. fmoa, as the chaetotaxy differs, but it shows a number ol features 
in common with it. 


P. (IHomyia) ffdtyino.^'a Meigeii. , 

Walker (bS^O) has described th<* larva of wdiat he claims to l)e this sp(*cies, 
then known as IJlomyia Iwta L., and says that it “ has. like a dorsibranchial 
Aimelid or PhyllodoiXy down the )>ack, two row^s of acut(*, lanceolate, foliaceous, 
branchia-like appendages : each row consists of three pairs on each segmiuit. ’ 
This sentence calls to mind a larva so different from the one about to lx* 
described, that it must be concluded that he was dealing with some oth(‘r 
specues. 

, harm. — Fig. 11a. 0-7 mni. long, normally free from detritu.s ; intensely black. Head 

(fig. 11c) oval, broadest just behind middle, denticles rather sparse in cnmtre, but extending 
along suture beyond level of ocellus; mentum with 12-14 short, blunt lv-})ointt*d teeth. 
C^haetotaxy of whole larva obscured by weak develojinient of setae, and extension of 
vestitural elements over tergal plates. Prothoracic protergiini with rt*duced setae on 
conventional f>lan, metaterguni with a group of four s(‘tae half way lietween rniddine and 
margin and two more at margin ; rneso- and metathoraeic proterga with thret^ minub* 
true setae, met;iterga as in prothorax. Abdominal segments (fig. 11b) with plates rather 
less than half of body width ; no protergal setae ; three minute rnesotergal se^tae ; meta> 
tergum with 1 and (2 + 3) forming a group close to the lateral margin ; intersetal sjmee 
two-thirds of jilate width ; setae thin and colourless but of mexierate length, extending 
to next annulus ; ventral mid -annular setae with separate sclerotixed plates, the outer 
one larger; post -annul, r setae unhooked. Siphon (fig. lln) with very short processes. 
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ventral pair angulated as in P. trivudist not more than one-ninth length of dorsal plate ; 
dorsal processes one-half length of ventral ; main lateral setae inconspicuous, no accessory 
setae ; preanal plate almost quadrate, setae weak and uncurved, Vestitural elements 
largely devoid of spines ; raid-dorsally, between tergal plates, regularly arranged in close 
rows, like nail-heads ; enlarged elements occurring interannularly as well as interseg- 
mentally ; short, blimt teeth present laterally ; ambulatory elements in form of short, 
blunt pegs, best developed on each anterior annulus of abdominal segments. 

Pwpa.— Respiratory horn similar to that of P. neghcta (fig. Ifi), though possibly slightly 
longer and with 2-3 more pits in each row. Posterior fringe of dorsal surface of seventh 
abdominal segment with medial sensillae widely spaced (fig. 21), and no teeth or points 
l)etween ; sensillae consisting of trichoid elements inserted on long, pointed, sclerotized 
teeth. Terminal segment with dorsal teeth, weak cuticular points ; a short spiny sensilla 
mounted half-way up. 

The larva of P. fuluf inosa occurs in decaying vegetation on the margins 
of streams, and has been collected from all the localities that have been visited 
regularly. In contrast to P. trivialis, however, it tends to be confined to 
cracks and crevices, to crawl on the underside of sticks and detached bark, 
and to work its way through the layers of decayed vegetation, rather than 
crawl about on the surface. The two species often occur together however. 
The loss of the accessory setae has occurred in this species, as it has in P. 
fiisca, but in other respects it is not so greatly modified for living within, 
rather than on, its substrate. 

With the completion of these larval descriptions it only remains to consider 
how many of the criteria previously used by authors for separating Poricoma 
larvae from those of related Psychodid genera, still stand. Tomioir (1940) 
lists seven genera of Psyoh()J)iijae as British, P&ricoma Walker, Clyiocerns 
Eaton, Tehbatoscopufi Eaton, Pmjeh-oda Latreillc, TriclwpsycJiada Tonnoir, 
Trichomyia Haliday and Syvorax Haliday. Nothing is known of the larvae 
of ClytoC’erus and Trich^paychoda , whilst that of Tricluyrnyia (Keilin and Tat(‘, 
1937) is so profoundly modified to a wood- boring life that it differs from Peri- 
emna in almost every detail, having no tubular respiratory siphon, no tergal 
plates, and an antenna consisting of a stout, digitiform process. The larva 
of Sycarax (Bangerter, 1928 : Feuerbom, 1933) also differs considerably in 
having long, four-jointed antennae, a retractable prothorax, and only a single 
tergal plate to each segment. Of the larvae of the sixteen British vS])e(des of 
Psychoda, fourteen have been 'described (Satchell, 1947) and they are much 
more like those of Pericoma than the previous two genera. A number of 
features have been suggested for separating larvae of the two genera : Walker 
(1856), Muttkowski (1915) and Malloch (1917) use the form of the siphon, 
stating that it is long and slender in Psyrhoda, and short in Periemm. The 
distinction does not apply, however, to Pericomi fnsca, nor to Johannsen’s 
(1934) Species A, both of which have siphons longer than the majority of 
Psychoda larvae. The presence, in Periemm alone, of preanal and adanal 
plates has been used as a character by Zavattari (1924) and Johannsen (1934), 
and, whilst adanal plates are present in both genera, preanal plates do appear 
to be absent in Psychoda larvae, and offer a consistent and convenient method 
of distinguishing the two genera. Johamisen (1934) uses the difference in 
the vestiture, contrasting the generally hairy covering of Psychoda with the 
sclerotized thorns of Periconm, There is a real generic difference in this feature, 
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though such species as Psychoda surcoufi Tonnoir approach rather closely 
to the Pericoma condition. A character not previously suggested, which 
appears satisfactory among all the species examined by the writer, is the 
antenna. In Psychoda it consists of a group of sensory processes covered 
by a domed vesicle shaped like an inverted watch-glass. In Pericoma the 
sensory processes are larger and quite uncovered (fig. 8e). 

There appears to be no generic character separating the larvae of Pericoma 
from those of TelmatoHcopus, but our knowledge of the larvae of this genus 
is very poor. Of the twenty-three British species, the larvae of two are 



Figs. 21-26. — Dorsal surface of seventh abdominal segment of various species of PericoniJ, 
all X 76. (21) 1*. f ulujmosa , (22) P. neghctd, (23) P. trivialis, (24) P. (25) 

P. divemf, (26) P, calcilega. 


known ; that of T. ‘ustulatus Walker (Feuerborn, 1926) is like that of P. 
Irivialis, and lives amongst decaying sea grass on the coast, whilst that of 
1\ deeipiens Eaton (Feuerborn, 1923) has a thick covering of lime and lives in 
limy springs, like P, trifasciata. Three other species of larvae have been 
described which do not occur in Britain. That of T. alhipmctatus Willis, a 
cosmopolitan species, occurs amongst a variety of decaying organic matter, 
both animal and vegetable, and looks like a typical Pericoma larva with well- 
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developed dorsal setae (Efflatoun, 1920; Zavattari, 1924; Williams, 1942). 
T. similis Tonnoir (Feuerborn, 1926), with the same habitat as T. ustulatus, 
has a somewhat similar larva with a rather shorter siphon and is a European 
species. T. Jwrai Tonnoir, an Indian species, the larva of which was described 
by Tonnoir (1933) has a row of six ventral suckers, like a Blepharocerid larva, 
and lives in torrential streams. When the larvae of more species of this genus 
have been described, it will probably be found that they have undergone an 
adaptive radiation quite as extensive as that of Pericoma larvae, occupying 
a number of the very diverse habitats that marginal conditions provid(\ 
Separation of the larvae of these two genera can thus only be by specific 
characters. 
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I. Trichoptera. 

Introduction, 

The Trichoptera have been little studied in respect of the structure of the 
reproductive system and the method of sperm transference. Cholodkovsky 
(1913) is the only author to have examined the contents of the bursa 
copulatrix of two species, viz. Goera pilosa Fabricius and Molanna angustata 
Curtis. He reported that he found structures which could be regarded 
as spermatophores, but he showed reluctance to call them genuine spermato- 
phores, as he presumed that they originated partly in the female receptacle, 
and so recommended the term “ spermatodose.*' He defined a spermatodose 
as a structure which arises writhin the female receptaculum and serves for 
determining the amount of sperm necessary for fertilizing the eggs. The 
term was also recommended by the same author for similar structures found 
by Siebold (1845) in the female receptacle of some locustids, and identified at 
that time as spermatophores. Cummings (1916) accordingly applied the term 
to sperm sacs found in the female receptacle of Ibidaecus plataleae Denny, and 
I, jlavus Cummings (Mallophaga) without providing evidence that they arose 
within the female receptacle during copulation. 
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As far as Trichoptera are concerned it seems that Cholodko vsky's opinion was 
based on a casual dissection of these two species of caddis flies without 
aiming at finding out the identity of these structures. His definition can by 
no means be applied to the structures found in the female organs of insects 
examined in this work. When copulation was deliberately interrupted and 
the insects were examined, it became evident that the sperm sac and another 
associated protein mass, which were regarded as the components of the sperma- 
tophore, were coming from different parts of the male sexual tract. The 
fluid found in the bursa before copulation, which is presumably secieted by 
the bursa gland, is a transparent colourless fluid and has the function of 
digesting the protein mass, rendering it soluble and absorbable. 

Cholodkovsky’s comment, I believe, is all that can be found in the literature 
with regard to the existence of spermatophores in Trichoptera. Many other 
authors, Zander (1901), Stitz (1904), Cholodkovsky (1911), Dodson (1936), 
and Deoras (1944) have described morphologically the internal and external 
genitalia of different t}rpes of caddis flies. Deoras has unjustifiably created 
names for certain parts of the genital tract wliicli would give a false idea of 
their function. He calls a certain part of the male accessory glands which 
contains large protein globules ‘‘ epididymis,” and describes the female bursa 
which receives the products of copulation as the shell gland.” 

Twelve species of caddis flies were examined, most of which could be 
biought to copulate under laboratory conditions. TJiose which have swarming 
habits, such as Mystacides nigra L., were carefully caught during the process 
of copulation, when they were found sitting on reeds and other plants near 
the water, brought to the laboratory and examined when required. All 
caddis flies w(*re offered sugar solution during the time they were kept in the 
laboratory. Multicopulation has been repeatedly observed in males and 
females of many species. But the products of a second copulation are much 
less in quantity than those of the first ; the protein mass is much smaller and 
the sperm sac is reduced in size. 

In Ttichoptera the external genital organs are all essentially the same, yet 
genuine spermatophores do occur in certain specues while others receive frtai 
sperm. This phenomenon shows that there are tw^o tyj)es of internal genital 
organs performing sperm transference in two different ways : the produ(‘tioii 
of spermatophores and the delivery of fiee sperm. The species dealt with in 
this wwk are grouped, therefore, into two categories representing the tw'o 
kinds of insemination. 


Category A, Fin ms ProdacAng Spermatophores. 
This category is represented by the following species : 


Serkmtoma personafum Spence 
Silo nigricornis Pictet 
Molanna angustata Curtis 
Anabolia nervosa Curtis 
Ilalesths radiatus Curtis 
Limnophilus politiis Mcl^achlan 


Sericostomatidae. 

M('LANNI1)AE. 

Ltmnophilibab. 


The spermatophore-prodming organs . — In order to understand the process 
of spermatophore formation it is necessary to give a short description of the 
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male sexual tract of this type of caddis flies. The male internal genital organs 
of all caddis flies are built up on the same morphological basis (fig. 1). In the 
above-mentioned forms' each vas deferens (v.d.) is divisible into two main 
parts separated by a narrow portion. In fig. 2 the upper part, whose length 
differs from one species to another, is transparent and contains a fine granular 
secretion which (dearly shows Brownian movenwmt. This secretion resembles 
that which accompani<?8 the .sjwrm in the sperm sac. The lower part contains 
a milky white secretion whos(> granules are much bigger and stic^k together 
when they (!ome out in wate • or Ringer solution. This part is very long in 



Fids. 1~2. — (1) The male re})ro(luetive system in Triehoptcra. ej.cl., ejaeulaUa v chiel ; 
]).a.^., jiainnl aeeeasory ^^lands ; s}).b., sjierm bundle ; t., testis ; n.a.e., un^iaired 
aee(*sHorv glaiul ; v.d., vus deferens. (2) A diagrainmatie representation showing tlie 
nu)diti(‘atu)n ui th(' maU* re]>roduetive system m Stricosioma pemynatum (tt and a'), 
Mnlanyui (ingustaUi (h and h') and AnaboUa net osa (r and c'). l.i>.v.d. lower part ol 

ra,s deJ'ercHfi; n.p.v.d., ujiiKir pait of same. 

forms like Srricosfoma uiid Attaholia whilt* eomparatively short in Molmnni, 
TJie amount of secretion in tJiis part of the oasa dcfctentia corresponds to the 
size of the sperm sac ; the more the secretion the bij^ger the sac. 

At the end of the vasa deferentia a pair of accessory gdands branches off. 
They greatly differ in length and colour. In Svricostoma and aS?7o they are 
short glands containing a v('ry tine, milky, granular secretion (a). In Molanna 
they are of the same length but cont-am a transparent fluid (6). Beciausc of 
their transparency a few sperm bundles were occasionally observed in then. 

TKANS. R. ENT. SOC. LONJ). 100. PART 10. (l)K<\ 1940). 18§ 
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moving up and down as the muscular wall contracts. The vesiculae semimles 
are lacking in all caddis flies examined, and so sperm bimdles generally leave 
the testes only during the time of copulation. In Anabolia the paired accessory 
glands are very long (c) and almost fill the body cavity. Each gland can be 
divided into two parts ; the proximal segment, which is short and milky in 
colour, contains a great number of large protein bodies mostly oval in shape, 
the distal part is much longer and contains a dark red gelatinous secretion. 
In Halesus and Limnophilvs the paired accessory glands attain such a length, 
but are yellowish green in the former and pink in the latter. There is a definite 
correlation between the amount of secretion found in the paired accessory 
glands and the size ox the female bursa copulatrix ; the more the secretion the 
bigger the bursa. 

After the point at which each gland branches off, and before the two 
lateral (lu(jts coalesce there is a special part of the tract which differs in length 
from one species to another. In Sericostoma and Silo it is a long coiled duct 
containing a great number of large oval protein granules (a'). In Molanna 
it is very short and contains parts of the same sort of secretion found in the 
proximal part of the vas deferens (6'). In Anabolia and the other limnophilids 
it is long and contains a mixture of rod-shajK^d bodies and fine granules 
(c'). When the two lateral ducts coalesce they form one single tube, the 
unpaired gland, which goes towards the posterior end where it joins the muscular 
ejaculatory duct. Ihe unpaired accessory gland secretes in all cases a trans- 
parent jelly-like fluid. The ejaculatory duct is highly muscular and goes 
through the cuticular penis. 

The female organs cammed with the> reception of tlie spermatophofe. The 
female organs (fig. 3) are by far the most characteristic of this category 
of caddis flies. These organs are built up on a common morphological and 
physiological basis for holding the sperm sac and making use of its asvsociated 
protein mass. The genital opening leads to a vagina which is a tubular passage 
supported from the sides by different sclerites. It receives first the duct of 
the huge colleterial glands (c.c.g.) and ^fter a short distance the opening of 
the ductus bursae (d.b.). Closely after comes that of the pear-shaped gland 
(p.s.g.). The ductus bursae receives the bursa copuUUnx (b.) and a side long 
tubular structure (rec.) with a reservoir at its proximal end. The r(‘servoir is 
found in forms like Sericostoma and Silo (fig. 4n), but disappt^ars in Anabolia 
andthe other limnophilids (fig. 5a). This tubular structure is called the “flagel- 
lum ” by Stitz (1904) and Dodson (1935), but it it. shown by Cholodkovsky 
(1913) that it functions as a receptaoulum seminis. 

The bursa eopulatrix is the sac which receives th(‘ products of copulation. 
In Anabolia and all linmophilids it attains a very large size (lig. 5a) and is 
provided with a cuticular lining which is in the form of sharp teeth in the 
fundus region (fig. 56). In a virgin female the bursa is a collaj>8ed sac con- 
taining a small amount of a (colourless transparent secretion ; but in a recently 
copulated female, e8|)ecially in forms like Sericoslmna, Silo and all linmophilids, 
it is comparatively large as it is filled with the secTetion from the male accessory 
glands. The walls of the bursa can be greatly stretched so as to hold two or 
three spermatophores resulting from two or three successive copulations (fig. 
6a). The bursa of Halesus is a very big sac and acquires a disc shaptj when 
filled. Prom the bursa there arises a tubular gland which differs in length 




Fias. 3-^. — (3) A g«Mionil diagi’aru showing the female organs eonceniecl in the reception 
of the sj)erniat»ophorc. b., bursa copulatrix ; b.g., bursa ghiiui ; e.e.g., common 
duct of th(' eolletcrial glands ; o.o.d., common oviduc't ; d.b., ductus bursae ; g.o. 
genital oxK*ning ; }).s.g., ]X"ar-sha}x*d gland ; rec., receptaculum seminis ; v., vagina. 
(4) iSericosUmuf pvniowitum : (n) i^ursa containing a spermatophore ; (h) the protein 
mass stietehed ; (r) T.S. through a a. b.g., bursa gland; h.f., bursa llmd ; b.\\., 
bursa wall ; c., calyx ; i.l., inner layer of sperm sac ; o.L, outer layer of same ; p.m., 
ju’otein mass ; roc., receptaculum seminis ; B]).b., s|>erm bundle ; sp.s., sjierm sac. 


as the bursa itself (fig. 4u, b.g.). There is ca correlation between the length 
of the bursa gland and the size of the protein mass accompanying the sperm 
sac ; the bigger the mass the longer the gland. 

In Sencosto^na, Silo and Molxunna the sx)ermatophore is depositinl as a 
whole in the bursa copulatrix and the neck of the sperm sac is held in position 




Fig. 5. — Amholia nervosa i (a) Bursa containing a spermatophore ; (h) the lamina 
dentata ; (c) the sperm sac. i.L, inner layer ; m.b., muscular band ; m.p., muscular 
part of ductus bursae ; o.l., outer layer ; sp.c., sperm capsule. For further exj)lana- 
tion of lettering see hg. 4. 


forms the calyx, which is a dark brown conspicuous structure, is to be found 
along the duct. In Serioostmm and Molanno, it is white and thus is difficult to 
see except in sections. 

1 I propose this term for the cuticular ring in the ductus bursae of insects belongmg 
to this category. 
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The pear-shaped gland (fig. 3, p.s.g.) cantains a trani^arent fluid, some 
crystals of different i^apes and air bubbles. In Anabolia it contains a great 
number of rod-shaped bacteria which move actively in Binger solution. The 
bacteria appear in great munbers when the adult is 6-7 days old. Similar 
bacteria were also observed in the pear-shaped gland of Halesus. The pear- 
shaped gland is considered by Stitz (1904) as the receptaculum seminis, but 
according to Cholodkovsky (1913) it is a gland of unknown function. This 
gland was examined several times during the present work and it was foimd to 
contain a small number of motionless sperm only on two occasions in Seri- 
eostoma. In the “ flagellum ” the sperm are normally stored and show active 
movement in Binger solution ; the gland may be a reservoir of some excretory 
products. 



Figs. 6-7. — (6) Seriroatoma peraonatum : («) Bursa containing two intact spermatophoros ; 

(6) the protein masses have been digested and absorbed ; (r) a collapsed sperm sac. 

(7) Mdanna angualata, bursa containing a sperniatophore. For explanation of 
lettering see fig. 4. 

The structure and fate of spennatopiwres of different species.- As has been 
stated, the sperniatophore of this category of caddis flies is composed mainly 
of two different parts : a coagulated protein mass and a sperm sac. The latter 
contains no cbitin and is mainly protein. In Sericostmua the protein mass 
(fig. 4«, p.m.) is a w'hite milky structure weighing about O’ 2 mg. and occupies 
nearly two-thirds of the bursa. The sperm sac is nearly spherical, about 
0’9 mm. long and 0-83 mm. wide, and weighs about 0-02 mg. when empty. 
It has a very short neck carrying a narrow opening at its tip. In sections the 
sperm sac appears to have an outer lamellated and inner homogeneous layer 
(fig. 4c). 

The different parts of the spermatophore undergo important changes in 
the female bursa. Twelve hours after copulation the protein mass becomes 
softer and loses its coiled form ; twelve hours later it is nearly dissolved. 
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Two days after copulation all traces of the protein mass disappear and the 
empty sperm sac and the bursa collapse (fig. 66). The bursa of a wild female 
may have one or two collapsed sperm ‘^acs ; it may have a recently deposited 
spermatophore with an old collapsed sperm sac at the top, or two intact 
spermatophores the result of two successive matings, one soon after the other 
(fig. 6a). Silo agrees with Sericostoma in all details save that the sperm sac 
is a little smaller, as it measures 0*66 mm. in length and 0*21 mm. in width. 

In Molanna the protein mass is much smaller (fig. 7, p.m.) and the sperm 
sac is about 0-36 mm. in length and 0-26 mm. wide. Multicopulation seemed 
to be of rare occurrence since never more than one spermatophore was found 
in the bursa. The bursa gland is here very much reduced in size ; there is 
little need for secretion as the protein mass has been reduced to a very small 
size. 

In Ambolia the protein mass has a very long coiled tubular form, a dark 
red colour and occupies the whole cavity of the bursa (fig. 5a, p.m.) ; its weight 
soon after copulatif n amounts to 3*28 mg. The sperm sac (fig. 5c) is a milky 
white rod-shaped body about 1 mm. in length and 0*25 mm. in width. Its 
wall consists of two layers which are relatively thin at the sides but very thick 
at the top. The sperm sac is deposited in the ductus bursae and its neck is 
held by the calyx in such a way that its opening comes to lie near the opening 
of the spermatheca. 

Twelve hours after copulation the protein mass loses its original consistency 
and acquires that of thick dough. It changes in colour from dark n^d to 
transparent white, starting at the bottom of the bursa (fig. 86). The change 
in colour proceeds and the white mass is gradually absorbed, and in the course 
of 9-10 days the mass completely disappears (fig. 8/). It has been digested 
and absorbed. The bursa then collapses and its walls assume a brownish colour. 
In the ductus bursae the sperm sac undergoes similar (‘hanges. By the time 
the protein mass disappears the walls of the sperm sac become very thin and 
the thick top part almost degenerates (fig. 8/) ; it loses its original toughness 
and becomes very soft. The cells of the bursa gland also degenerate (fig. 8/). 

When a female copulates for a second time the old sperm sac is forced to 
take another position inside the bursa, where it is found squeezed and collapsed. 
Up to three sperm sacs were found in such condition. It is doubtful, however, 
that a female can digest and absorb more than one protcun mass during the 
short span of lier imaginal life. There is no conspicuous connection between 
the absorption of the protein mass and the ripening of eggs in the ovaries. 
Eipe eggs appear in the ovaries 4-5 days after emergence whether copulation 
takes place or not. It is likely, therefore, that this big mass of protein is used 
in nutrition as these insects do not take much food during their imaginal life. 

In Halems the protein mass is of a yellowish green colour and occupies 
the whole cavity of the disc-shaped bursa. The sperm sac is similar in shape 
to that of Art,abo}ia and about 1*3 mm. long and 0*33 mm. wide. The fate 
of the spermatopliore is similar to that of Anabolia ; the protein mass is digested 
and absorbed in a similar way and the sperm sac collapses and partly de- 
generates. 

In Limnophilus the protein mass is pink and is deposited in the bursa. 
The sperm sac is about 1*16 mm. in length and 0*33 mm. wide and the fate 
of the spermatophore is identical. 
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Mating and spermatophore formation. — Wesenberg-Lund’s (1943) descrip- 
tion of the mating of Mystacides nigra L. is typical for all caddis flies examined. 
Copulation was performed in a glats tube and the process observed under the 
binocular microscope. The male proceeds sideways to the female underneath 



Fro. 8.— Anaholia nervfmt. The fate of the s}»ennato|)}iore. {a) Biiim full of tiie dark 
red protein mass. A setdion through the bursa gland is also shown ; (6) 12 houns 
after co})ulation. The eliange in eolour apjx^ars at the Indtoin of the bursa ; (r) 24 
hours ; (d) 48 houi*s ; (r) (5 days ; (/) 9 days, the bursa is empty and e'^llapsed and 
the sperm sac is degenerated. A section through the gland is also shown, p.m., 
protein mass ; t.w.m., transparent whit<» mass. 


her wings, holds her thorax with his front legs, and bends lus abdomen to 
insert the protruded penis into her genital aperture. When this is secured 
the male turns 180'' and the two insects assume an end-to-end position. They 
remain as such for a varying length of time ranging from 3-8 hours. But 
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building the spermatophore inside the female bursa does not take this length 
of time ; a couple remains in copula long after the products of copulation are 
delivered. 

During copulation the contents of the unpaired gland is poured into the 
bursa followed by the contents of the paired accessory glands. The two 
secretions mingle in the bursa and a thick mass of protein, thicker than either 
of the original secretions, is formed (fig. 96). The term ‘‘ spermatophylax ” 
is proposed for this protein mass since it shows homology with the spennato- 
phylax of the tettigonid spermatophore. They originate from the male 
accessory glands and in a way perform the same function, i.e. food for the 
female. 



9 10 

Fkjs. 0“1(). — (9) Soricostovia permriatum, Th<» formation of tho aperinatophoro : (n) An 
empty Iniraa ; {b) the deposition of the protein mass ; (r) the deposition of tin* a<‘(!re- 
tion of the lower parts of the vasa defercntia ; (d) tht* delivery of siR^rm. p.m., 
protein mass ; sp., sjjerm ; w.b.m., white hlotiked mass ; w.sp.a., wall of the si>erm 
sac. (!()) Lype phaeopa : (w) One of the jiaired aecjessory ^^lands ; (b) the hursa 
eopiilatrix. c.o.d., common ovidmrt ; r.b., round body ; sp., sjwrm ; sj).s., sjMuni 
sac. 

The next step in the process of spermatophori? formation is the ejetdion 
of the (‘ontents of the lower parts of the vasa defereritia. This secretion forms 
in the bursa, or in the ductus buisae near the calyx, a white silvery blocked 
mass (fig. 9c). Soon, however, by an unknown mechanism it acquires a cavity 
and grows gradually in size as the sperm and the fine granular secretion of the 
upper parts of the vasa dcferentia are pushed in (fig. 9d). The sperm sac is 
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more or less spherical in those species where it is deposited in the bursa, viz. 
Sericostoma, Silo and Molanna^ while elongated in AnaboUa and the other 
limnophilids where it is moulded in the ductus bursae. The position of the 
calyx along the ductus bursae determines the place and eventually the form 
of the sperm sac. 

An aberrant form, belonging to this category but not fitting the foregoing 
description, is the very small caddis fly, Lypephaeopa Stephens (Psychomyidae). 



Vws. 11-12. — (11) (’//r/n/.v triwaculatufi, genital organs, b., bnim eopiilatrix : 

b.g., bursa gland ; c.o.d., (’oininon oviduet ; d.b., ductus bursae ; in.p., muscular 
jmrt ; p.s.g., jiear-shaped gland; v., vagina. (12) Tinode.^ umutn. female genital 
organs, c.o.d.. common oviduct ; l.g., Kavof gland ; sp., sperm ; u.g., upper gland ; 
V., vagina. 

The vasa difvrentia are short, containing a trans])aront secretion and the 
paired accessory glands contiun a number of round bodies with transparent 
centres and ojiaijue oiitliiu's susjieuded in a transparent fluid (fig. 10a). They 
gave fat and piotein m^gative reactions, they did not dissolve in dilute acids 
but dissolve quite readily in a dilute solution of KOH. Of the female organs 
only tlie bursa copulatrix is represented (fig. 106). 

TRANS. R. ENT. SOC. bONl). 100. PART 16. (DEC. 1949). 1S§§ 
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The sperm sac is spherical, about 0'18 mm. long and 0*13 mm. wide. It 
has a short neck l}dng in the anterior end of the ductus bursae and a thin 
transparent wall. A protein mass is lacking but a number of the round bodies 
found in the male accessory glands are transferred to the bursa diuing copula- 
tion. A spermatheca is lacking and so most of the sperm are kept in the 
sperm sac, but some migrate to the ductus bursae. 

Category B. Forms Delivering Free Sperm. 

This category is represented by the following species : 

MysUurides nigra L. | 

M. azurea L. J 

mycentro^. flav^a^UUus Pictet | Poi,ycbetropidae. 

Cyrnus tnmaculatis Curtis J 

Tinodes waeneri L. Psychomyidae. 

The result of copulation in this group has been ascertained by examining the 
insects soon after copulation. 

The female organs in Mystaddes spp. are morphologically the same as 
those of the first category. There is a bursa with a bursa gland coming off 
at the top, a spermatheca and a pear-shaped gland. The result of copulation 
is the delivery of free sperm in the bursa, a part of which migrates to the 
spermatheca. In Polycentropub and Cyrnus there are a pear-shaped gland 
and a bursa, but there is no spermatheca (fig. 11). The result of copulation is 
the delivery of free sperm in the bursa which functions in this case as a recep- 
taculum. In Tinodes the female organs are built up on a different scheme. 
The vagina (fig. 12) gives rise to a very fine duct which is attached to two 
spherical glands at the anterior end. In a virgin female the most anterior 
gland is filled with a milky granular secretion, but the posterior one contains a 
greenish mass of thick consistency. After copulation these contents are 
almost exhausted and the milky granular secretion of the anterior gland is 
used and disappears first. The function they perform is unknown, but it may 
be presumed that they serve as nourishment for the sperm. The result of 
copulation is the deposition of free sperm in the posterior part of the duct 
(fig. 12, sp.). 

II. Nburoftkra. 

Sialis lutaria L. (Siaiidab). 

The spermatophore of Sialis (fig. 13) is of a vase shape and consists of two 
essential parts : a body and a neck. The body is about 0*6 mm. long and 
1 mm. wide in the widest part. It contains two distinct cavities containing 
the sperm and the associated granular substance. Each cavity is surrounded 
by a thick transpaient inner layer (i.l.) and contains a white milky mass. The 
two chambers are enclosed in another outer thinner membrane which at the 
basal part of the neck takes an irregular form. The neck is about 1*5 mm. in 
length and 0*4 mm. wide at its basal end. It is formed by the continuation 
of the inner walls of the two chambers. Through the neck go two nerrow 
tubes commencing at the top of the two chambers and ending blindly at the 
distal end of the neck. The two tubes are also full of a white milky fluid 
similar to that which occupies the sperm cavities. 
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The spermatophore is built inside the male accessory glands and ejected 
just at the moment of copulation. When ejected it is a soft structure and 
can be forced to take any shape ; it hardens, however, as soon as it comes 
into contact with the air and becomes very brittle. During copulation the 
neck of the spermatophore is inserted into the opening of the female bursa 
copulatrix ; the body remains outside for a while. Later the spermatophore 
slides into the female genital opening and bits of the outer covering remain 
outside and eventually fall off. Inside the bursa the spermatophore is broken 
into pieces by the contraction of the very strong muscular walls of the bursa 
and by the help of the sharp cuticular spines which line the cavity of the bursa 
in certain areas. The sperm, consequently, are set free in the bursa and 
migrate into the spermathecae, one of which is found on each side of the bursa 
copulatrix. 

After a time which differs greatly from one individual to another, the 
female, twisting her body to bring her mouthparts close to the genital opening 
pulls out the remaining parts of the spermatophore and chews them up. In 
Osmylus ckrysops David (1936) stated that the spermatophore is provided 
with a big spermatophylax to which the female is attracted and which she 
eats while the sperm migrate to the spermathecae and so escape destruction. 
The spermatophylax, which is built up of protein, remains outside the female 
genital opening and may stay there for a varying length of time ranging from 
10 minutes to 2 days. 

Withycombe (1924) was of the opinion that spermatophores seem to be a 
characteristic feature of Neuroptera, although they are not always easily seen. 
He stated that they do not oc*cur in Conioptbrygidae, perhaps, because of 
the presence of a true penis. 


III. Hymbnoptera. 

Pmpla instigator F. (Ichneumonioab). 

The insects were sexually mature and ready to copulate soon after emer- 
gence. 'When a recently-copulated female was dissected the vagina was found 
to contain a spermatophore. It occupied most of the cavity of the vagina, 
which took a more or less round shape (fig. 14a). The opening of the spormato- 
phore was in direct connection with the opening of the spermathecal duct and 
so firmly fixed in it that it was very difficult to dislodge. Twelve hours after 
copulation, however, the opening of the spermatophore was released from that 
of the spermathecal duct so that the spermatophore could easily be removed 
from the vagina. 

The spermatophore (fig. 146) is a transparent egg-shaped body about 
0-66 mm. in length and 0*61 mm. wfide. There is a small milky portion at 
the anterior end containing a double sperm sac with a common opening which 
has a conspicuous rim. The latter tits in the opening of the sptTmathecal 
duct which is lined at its proximal end wdth a thick layer of cuticle. The 
body of the spermatophore is held in the vagina, presumably, by the sharp 
cuticular teeth lining it. Each sperm sac is triangular in shape and has a 
double wall made of a milky secretion. The two sacs are surrounded by the 
big transparent mass which forms the body of the spermatophore. Soon 
after copulation the sperm start to migrate into the spermatheca and within 
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2 or 3 hours the sperm sacs are empty. The empty spermatophore, which 
retains its normal shape, is kept in the vagina for 16-20 hours, after which it 
is ejected through the copulatory opening ; the walls of the vagina, eventually, 
collapse and no sign of the spermatophore remains. Multiple copulation seems 
not to occur as never more than one spermatophore was found in the vagina. 
The ageing of virgin females had a great effect on their readiness to mate. 



Figs. 13-14. — (13) Sialis lutarm^ spermatophore. b., lK)dy of s]>ernmt/ophore ; i.L, inner 
layer ; n., nock of spermatophore ; o.l., outer layer ; s}).8., sjktiu sacs. (14) Piwpla 
instigator : (a) Female genital organs shortly after (‘opulation ; (6) sjx*rmatophore. 
o.d., oviduct ; op., ojKming of the spcTinatophorc ; s., spcTinat^^phore in vagina ; 
sp.s., sperm sacs ; spt., spcirmathf'ca ; spt.d., spermathecal duct ; spt.g., Hjx*rma- 
thecal gland ; t.m., transparent mass ; v., vagina. 


Females of 5 -7 days of age never had a tendency to copulate although the 
accompanying males made several attempts. They continued to lay un- 
fertilized eggs which gave male offspring. 


IV. Discussion. 

Authors who have dealt with the biology and sexual behaviour of insects, 
or even with the morphology and function of the copulatory apparatus, very 
often leave one in doubt as to whether copulation is by means of a spermato- 
phore or by delivering free sperm in the female organs. This is not surprising 
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because spermatophores are not easy to detect and are modified and destroyed 
after transfer to the female. Unless the observer watches the process of 
copulation and examines the female soon after, it is difficult to tell whether 
free spemx or a spermatophore has been delivered. The problem is made 
much more difficult by the odd distribution of spermatophores among insects. 
It is hardly possible to assert that they occur in all insects of a certain order 
or even in all sjKJcies of a single family In most orders it has been found that 
closely related sj>ecies whose male copulatory apparatus are morphologicaly 
the same, differ in the method of sperm transference, some delivering free 
sperm and others spermatophores. 

The problem of spermatophore production in insects will be discussed 
here in a wider sense, taking the allied groups, viz. Onychophora, Crustacea, 
Myriapoda and Arachnida into consideration. This is to show that sj^ermato- 
phores are sporadic‘ally distributed among the arthropods, and to bring to 
light some facts whi(‘h might help in understanding how sperm atophore- 
formation has evolved. 

In Onychophora a true copulation does not take place. It has been known 
for a long time that the male Peripatus deposits small white oval spermato- 
phores indiscriminately on any part of the body of the female. Manton 
(1938) cleared up the j)roblem in Peripafopsis, showing that sperm penetrate 
the walls of the spermatophore, pass through an area of the cuticle which has 
become perforated under the spermatophore, and pass along the vascular 
channels to the ov^ary. Peripafopsis thus resembles the leech Clepsine in 
that the sp(Tin migrate through the Iwly w’all in order to fertilize the eggs. 
Among inse('ts, Cimex sliow^s a more or less similar behaviour ; the sperm are 
ejected into a specialized area of the intersf*gmental meml)rane l)etween the 
5th and Gth abdominal sternitt^s (Kibaga’s organ), jienetrate a matrix of cells 
(Herlese’s organ) and find their way to the sjiermathecae tlirough the body 
cavity. 

In Crustacea the use of spermatophores as a means of insemination is 
carried out in two big grou}>s : (\)pe]>oda and Malacostraca (Kuphausiacea, 
I)ecap(Kla), while free sperm are transferred in Hranchiopoda ((ladocera), 
Ostraccxla, (^irrijx'dia and some other groujis of JIalacostraca (Isopoda, .Viiiphi- 
poda). In Cratiffon vulijaus (llec apoda) Lloyd and Yoiige (1947) showed that, 
ow'ing to the absenci* of cojnilatory organs, s}>ermatophon\s are applied to the 
ventral side of the female usually adjacent to the genital ojxmiiig. In II&inaru.s, 
Nvphrops and (Uimbarus, Yonge (1915) show'ed that sjx^rinatophores W’ere 
forced into the sjxTmatheca by the help of some modified abdominal appen- 
dages. In PahcinoHctCrS ruh/ans (Decajxxla), Burkenroad (1947) show'^ed that 
sj)erniatoph(>res adhere to the body w^all near the fimiale genital ofiening and 
eventually the s]:>erm are liberat(‘d into the waiter, wdiere external fertilization 
takes place. These author'^, together wdth Ray Lankester (1999), ilouchet 
(1931), Spalding (1942), Cronin (1947) and King (1948), agrei' in that the vasa 
deferentia of most decapods are responsible for secreting the material of and 
building up sjxTmatophores. 

In Daphnia, Snodgrass (1936) and AVesenberg-Lund (1939) stated that the 
fertilization of tin' winter eggs is carried out in tlie bnxxl ]X)U(‘h by the delivery 
of free sperm. In Cypns acuminata the latter author showed that copulation 
occurs with the direct transference of sperm into the female genital opening. 
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In Ciiripedia it is virell ksown that the bisexual reproduction in Lepas is carried 
out by the penis protruding and depositing a mass of sperm on either side 
of the mantle cavity of a neighbouring individual in the vicinity of the opening 
of the oviduct. Lastly, in Asellus and Omnmarus, Maercks (1930) and Heinze 
(1932) showed that free sperm were found to be delivered during copulation. 

In Myriapoda, which are closely related to Insecta, it is known that most 
Chilopoda form spermatophores. The males deposit spermatophores in places 
frequently visited by females, which, in some still unknown way, take them 
up. The male Geophilus spins a web and deposits a speimatophore in the 
middle ; the female comes to the web to be fertilized. 

In Arachnida it has been stated by Kew (1912) that the male chelonethid 
(Pseudoscorpione), after a preliminary courtship, deposits a spermatophore on 
the ground. This consists of a rod with a globule containing the sperm at 
one end. The male directs the female towards the spermatophore which 
thrusts into her genital opening as she passes over it. In the argasid tick, 
Ornithodorus nrn^ata, Eobinson (1942) showed that a peculiar spermatophore 
is transferred over to the female during copulation. In Hydbaohnibae it has 
been shown by Viets (1936) and Motas (1928) that in Acercus ornatus and 
Brachypoda versicolor respectively the transference of sperm takes place by 
the formation of spermatophores. The former author, however, showed that 
in other aquatic mites, e.g. Fiona longicornis^ only a bundle of sperm is trans- 
ferred, Lundblad (1929) has indicated that among the aquatic mites Arrhe- 
nurm globator also delivers free sperm. External fertilization takes place in 
the Xiphosura : the male of Limulus polyphernus spreads the sperm over the 
eggs. In Scorpionidea, Phalangida, and Pedipalpida a direct contact of the 
genital apertures and presumably the transference of free sperm take place. 
In the other groups of Arachnida the use of the palpal organs is a common 
occurrence during mating. 

This brief survey of the Arthropods other than insects shows in how- many 
different ways the crucial and practically difficult problem of sperm trans- 
ference has l>een solved, and that spermatophores have been developed again 
and again, in a phylogenetically disconnected manner, as one solution of the 
problem. The distribution of spermatophores within each of these arthropod 
groups needs further investigation. 

Among the insects, no verified observations have yet been made of the 
exact mamier of insemination of the female by the male in the Apterygota. 
These insects have rarely been seen during coitus. Thermob%a domesUcu 
(Thysanura) has been observed in copula by Spencer ( 1930) and his observation 
was confirmed by Sweetman (1934). They recorded that the male performs a 
dance in front of the female during which a spermatophore is dropped. It 
is picked up by the female and inserted into her genital opening. Another 
record on the curious mating habits of the Sminthuribae (Collembola) is 
given by Lie-Pettersen (1899) and commented on by Snodgrass (1936). The 
male was seen to emit a drop of spermatic fluid ; using his front legs he smeared 
the drop on his mouth-parts and inserted the latter into the frmale genital 
opening. 

The emission of free sperm or of spermatophores by the primitive insects, 
Chilopoda and Pseudoscorpione, and the deposition of spermatophores on the 
body of a female Pertpatus support the idea that the original ancestor of 
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insects must have had some such mode of insemination ; in other words, it did 
not have the method of delivering free sperm directly into the female organs 
characteristic of the higher insects. Tiegs (1940) envisaged some ancient 
aquatic PerijnitusAike ancestor of tracheate arthropods shedding its repro- 
ductive cells into the water. When such an animal took to life on land, he 
suggested, internal fertilization would have to occur. While the development 
of internal fertilization by spermatophore, or direct internal delivery would 
have advantages, e.g. in economizing sperm, to aquatic animals and such 
devices are found among them in many forms, nevertheless external fertiliza- 
tion is quite easy in water whereas for the terrestrial animal it is almost 
impossible. Considering the diversity and crudity of the internal fertilization 
methods employed by the primitive arthropods, it seems likely that they did 
not come from an aquatic ancestor which had already developed a method of 
internal fertilization, but had to face the problem anew. Thus the crude 
device for achieving internal fertilization in Peripatus by attachment of 
spermatophores to the body wall of the female probably reflects its primitive 
adaptation to a terrestrial environment. It seems safe to conclude, therefore, 
that the habit of spermatophore-formation among insects is a primitive 
character. 

In Orthoptera there is far more agreement with regard to the method of 
sperm transference than in any other insect order. Spermatophores are 
common to the five big groups, viz. Acridoidea, Blattoidea, Mantoidea, Phas- 
matoidea and Tettigonioidea and have undergone modification in structure 
according to the evident evolution of the copulatory apparatus. A general 
study of the male internal and external reproductive system in Orthoptera 
leads one to separate these main groups into three main categories on the 
basis of the mode of spermatophore production and delivery. 

In group 1, which may be considered the most primitive, a spermatophore 
is <leveloped long before copulation, kept in what is called a dorsal sac or a 
spermatophore mould until the male comes acmss a female and tries to deliver 
it. When copulation takes place the 8{>ermatophore remains hanging outside 
the female ojxming. The Gryllus dmnestttik^ sjiermatophore is very elaborate 
and jirovided with a very efficient mechanism whereby the sjierin are passed 
from it to the spermathcca. This group includes the Tettigonioidea, com- 
prising principally Tbttioonudae and Gryllioae. The spermatophores in 
this group fall into two main divisions : some with one main sperm sac, e.g. 
those of Gryllub^ Netnobius, LiogrylluSy Oecanthus, Gryllotalpa, and very likely 
all representatives of the family GRynLiOAK ; the second division comprises 
8])ermatophores with two or more sperm sacs, e.g. those of the family Tetti- 
GOi^iiDAE. This type of spermatophore is almost always surrounded by a 
huge albuminous covering which is termed the “ spermatophylax.” 

Group 2 is represented by the two big superfamilies, Blattoidea and Man- 
toidea. Here spermatophores are developed only during copulation, which 
extends generally over a longer time, and when delivered to the females the 
spermatophores are held by certain external sclerites concealed completely in 
Blattoidea and partly in Mantoidea by the subgenital plates. In this way the 
process of sperm delivery is more secure and so less primitive. 

Group 3 is represented by Acridoidea. Here the spermatophores are of a 
very simple tubular structure, perhaps on account of the development of an 
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intromitteat organ, and inserted as a whole into the female spermathecal duct 
during copulation. It represents the simplest and most advanced mode of 
insemination among the Orthoptera. It does not involve the production of a 
spermatophylax which protects the sperm sacs against being eaten by the 
female nor any of those sexual behaviour patterns performed after the delivery 
of a spermatophore in Gryllidae. 

With regard to Phasmatoidea it has been stated by Snodgrass (1937) that 
the exact use of their copulatory apparatus and the occurrence of spermato- 
phores have never been recorded. He seems to have overlooked a reference 
by Chopard (1934), who recorded the occurrence of a spermatophore in 
Phyllium biomdatum of the family Phasmidae. He states that it is a spherical 
structure about 2 mm. in diameter and has a cylindrical tul>e which is inserted 
into the female genital opening. It resembles in appearance the spermato- 
phores of Nemobius and Gryllus, and remains outside the female genital opening 
for a long time after copulation. There is no mention of whether it is formed 
before or during the process of copulation. A study of the copulatory appa- 
ratus of a phasmid, however, would suggest that it would develop during th(‘ 
process since there is no dorsal sac. Phasmatoidea, therefore, would l)e 
included in the 2nd group. 

Of the Grylloblattoidea there is no record of spermatophore production. 
It has been suggested by Snodgrass (1937) that the type of spermathoK^a foimd 
in Grylloblatta suggests the occurrence of spermatophorcs. This statement 
in fact means little since it is unknown which type of spermatheca would 
require a spermatophore. The matter is, therefore, still o})en for further 
investigation. Of Embioptera and Isoptera records are also lacking. 

A higher stage of sperm transference would be a corresponding s))ecializa- 
tion of the female internal sexual organs which could take in the spennatophore 
and keep it temporarily or permanently. In Acridoidea this stage* is accom- 
plished. The Sialis spennatophore is kept in the bursa cqpulatrix for a short 
time and in Lepidoptera and Trichoptera it is kept, but in a modified condition, 
till the female dies. In most cases the spermatophore then serves as a pro- 
vision/il sac holding the sperm until they find their way to the spermatheca. 
In one case only, that is in the caddis fly, Lype phieojm (p. 459), the spermato- 
phore is kept in use during the entii-e life of the female. My preliminary 
examination^ of Mallophaga suggests that it is more than likely, indeed 
practically certain, that the ‘‘sperm sacs’’ fouiad by Kramer (1869) and 
Cummings (1916) in the spermathecae of some lice are genuine spermatophorcs. 
This is, therefore, another case of depositing 8]>ermatoj)hores in the spermatheca 
where they are kept permanently in use. Each 8j>erm sac is kept in us(* until 
the next one resulting from a second copulation is d(*posit(*d. 

After the stage in which specu’alized parts of the female genital organs 
have become adapted to acconunodate the spermatophorcs there has been a 
tendency to lose them and to deliver free sperm directly into the female organs. 
In Hymenopttra the first record of spermatophore production is that of 
Fland(*rs (1939) for Calliephiolfes extensor. In Macrocentrus ayicylivorus the 
same author (1945) found that sperm transference from the male to the female 
occurred by means of spermatophorcs. On the other hand it has long been 
known that no spermatophore exists in the honey-bee and in the present 
“ lico pre|)arations were kindly supplied by Miss T. CUay. 
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work it has also been found that Athalia lineolata (Tbnthrbdinidae) delivers 
fr^e sperm during copulation. 

In Coleoptera, Muir (1919) realized that there are several types of internal 
and external male sexual organs and pointed out that it was reasonable to 
expect that they would function in different ways. He drew attention to the 
probability of finding spermatophores in those species which possess an internal 
sac (a bladder-like structure which evaginates and acts as an intromittcnt 
organ). He stated that when this sac was provided with a long tubular 
flagellum-like structure it was highly probable that no spermatophore would 
be found. If, however, no specialized sac (one without a flagellum) was present 
a spermatophore was most likely to be formed. This deduction was brought 
about })y the morphological study of the copulatory apparatus of many species 
but seems to find support in the work of Harnisch (1915) and Rittershaus 
(1927). Harnisch studied the method of sperm transference in some chryso- 
melid beetles, and found in Lina populi a sac equipped with a long flagellum 
which he called a ‘‘ praepenis.” The sac was found to occupy the vagina 
while the flagellum goes through the spermathecal duct. So a direct connec- 
tion between the two sexes is established during copulation whereby free 
sperm are transmitted. Rittershaus, on the other hand, found highly de- 
veloped sacs with no flagella in three scarabid beetles, viz. Phylloperfha- horticola, 
Anomala aenea and Amphimallus solstitialis where copulation was carried out 
by spermatoj)hores. But in spite of this, Muir's statement, as it appears, does 
not give a satisfactory answer to the question of vspermatophore production in 
this group, since not only forms with flagella deliver free s}>erm but also certain 
forms that have internal sacs without flagella, e.g. Telephorns falva. In 
addition, there is the large group of (Weoptera in which the male copulatory 
apparatus has an undifferentiated internal sac and both methods of sperm 
deliveiy an* found ; Teneht io m)Ji(or and Dyiiscus marginalia are examples- a 
H{K*rniatophore is found only in the latter. In (’oleoptera it is, in fact, difficult 
to give any general scheme for s})ermatophore production. Cros (1924) found 
and described the s{K*rmatophores of some tenebrionid and scarabid Ix'etles 
and as<‘ertained that in each family there are two groups : one forming 
sp<Tmatophor(*s and the oth<*r delivering free sperm, a phenomenon which 
was found aj)plicable to Cantharidae, Chrysomelidae and (\iu tlionidae. 
Of the i\\.:<ruAK\D\E,(hni/iaris nigricans var. discoidens forms a spermatophore 
while Tcicphoras fahv delivers free sjK*rm. Of the (^hrvsomeltdab, Ilaltica 
lythi produces a spermatophore while it does not exist in Donacta sonicuprea. 
Finally, Apion pomonae (OrRrixioNii>AB) was found by Stein (1847) to possess 
a S])ermato]>hore while Pkyllobins iirtmie, which belongs to the same family, 
was found during the present work to deliver free sperm. In all beetles 
examined sfx*rmatophores are kept temjiorarily in the vagina and eje(*ted 
when empty ; tlu*re is no record of their being used in nutrition. 

The s]H*rm transference of a few' Hemiptera has been studied. Besides the 
well-known case of Vimex, Ludwig (1925) found in Lygaem eqnrsfris an 
extraordinarily long penis w’hich reaches the opening of the spermatheca during 
(opulation. Such a direct connection betw'een the }>enis and the female 
spermatheca w^as found to occur in another lygaeid, Onc/utpeltis fasciatnsy and 
in the aquatic bugs, Nepa, Notonecia and Corixa. In these forms it has been 
found that free sperm are delivered directly into the female organs. In 
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Khodnius prolims and TnaUma infestana (BEnuvnnAS:), although there is a 
very large aedeagus which is evaginated and fills the vagina during copulatipn, 
there is no direct connection between it and the spermathecae. The 
sperm mass is deposited in the very large vagina and brought into touch with 
the opening of the common oviduct (the uterus of Galliard, 1936) by enclosing 
it in a big spermatophore which occupies the vagina till a certain amount of 
sperm finds its way to the spermathecae. The empty collapsed spermatophore 
together with the excess of sperm are ejected by the female shortly after 
copulation (Khalifa, in press). 

The ability of the sexual organs to deliver free sperm seems to be 
dependent on structural and physiological adaptations which are closely linked 
together. The structural adaptation is apparent in those forms of Coleoptera 
and Hemiptcra where a direct connection between the male copulatoiy 
apparatus and the female spermatheca is established. In this case the sperma- 
theca is physiologically adapted to preserve free sperm accompanied only by 
secretion from the male accessory glands. In other cases no such connection 
is accomplished and yet free sperm are deposited in the vagina, from where 
they are directed towards the spermatheca. The physiological adaptation is 
here performed by factors governing the sperm vitality of the orientation of 
which very little is known. 

In Diptera it seems that spermatophores have been lost completely, since 
no records of them could be found. Five species have been examined : Tipitla 
lateralis (Tipitlijdae), Ptychoptera emtaminaia (Ptychoptbribae), Sphaero- 
phoria picfa (Syrphioae) Scatophaga stercorarwm ((V)iu)YLURII)AB) and 
Calliphora erythrocephala (Calliphoribae), and in all the sperm were found to 
be ejected directly into the spermathecae. This advanced method of in- 
semination can be found with varying frequency in most other groups of 
insects. In this connection Tillyard (1918) may l)e quoted : “ There are, in 
any given order, many diverse groups. Some of these will exhibit very high 
specializations in one or more directions : others will show unexpected 
archaisms. . . 

The relationship of families in many orders has not yet been indicated with 
any clearness. In those orders where spermatophores are known to occur in 
some groups but not in others it may be of some help in deciding their relation- 
ship if the character of spermatophore-production be considered. From a 
practical point of view the spermatophores which, as in certain Orthoptera, 
remain outside the female genital organs and so can be collected in quantity, 
would olfer the physiologist incomparable material for the study of sperm and 
the problem of fertilization in insects and other arthropods. 

V. SCJMAIARY. 

In Triehoptera there are two types of sperm delivery, namely, the produc- 
tion of spermatophores and the transference of free sperm into the female 
organs. 

The most important feature of the female reproductive organs of spermato- 
phore-producing species is the presence of a cuticular calyx along the ductus 
bursae which holds the neck of the sperm sac. The bursa copulatrix is provided 
in most cases with a well-developed gland which is most likely responsible for 
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digesting the speimatophylax.’* This is a protein mass secreted by the 
male accesaoiy glands and delivered to the female during copulation. 

In the other category of caddis flies the bursa copulatriz is used as a 
receptaculnm seminis. It has been foimd that Lype phaeopa and Tinodes 
waeneri which belong to the family Psychomyidae differ in the manner of 
sperm transference ; one forms spermatophore while the other delivers free sperm. 
Such a difference may exist in other closely related species. 

The spermatophore of Sialis lutaria (Neuroptera) and Pimpla instigator 
(Hymenoptera) are described. 

The discussion may be summarized as follows : (1) Spermatophores are 
sporadically distributed among most groups of arthropods and their production 
is consider^ a primitive character. (2) Spermatophores occur more frequently 
among the primitive and generalized groups of insects and tend to disappear 
among the more advanced ones. (3) The loss of spermatophores has occurred 
independently and with varying frequency from group to group, from family 
to family, and even from species to species. All Orthoptera have spermato- 
phores and at the opposite extreme all Diptera are without them. 
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*abdicanSt PhilorUhus, 305, 313 
Abraxas, 50 

abyssinus, PhilorUkus, 305, 315 
achdica, Psetidacraea, 73 
Acbididae, British, structure and matu- 
ration of ovaries, 233-247 
aemulus, PhilorUhus, 361, 362 
aenea, Anomala, 467 
aequde, Dasus, 258 
assyca, Squamulotilla, 226 
aethiopicua, Philonthus, 350 
aeihiops, PhilorUhus, 306, 317 
affinis, Bombus, 23 
affinis, PhilorUhus, 305, 306 
Agagles, 47 
Agapelus, 277 
agrorum, Bombus, 3, 9-45 
Ma, DtiUmera, 48 

albicome, OdorUocerum, 277, 286, 287, 289 
albimacuUUa, Afnauris, 73 
alhipennis, Psychoda, 414 
albipunctatus, Tdmatoscopus, 445 
alb^arginahis, Chorthippus, 233-240 
algeriana, Oedipoda, 363 
algeriana, Thalpomena, 364 
algeriana, Thalpomena algeriana, 365, 366 
AlphUohius, 258-260, 262-264, 266, 268 
AlphUfophagus, 267 
alternala, Psychoda, 418 
amans, Timulla amavs, 228 
amarianc, Timullc phUippinensi*, 211 
Amauris, 73 

americanorum, Bombus, 33, 34 
Amphimallvs, 467 
amplificata, Nyctemera, 64 
amplipennis, Distretus, 258 
AnaboUa, 450, 452-460 
anoylivorus, MacrocerUrus, 466 
angustata, Molanna, 449, 460 
annulata, yyciemsra, 48, 61, 64 
annulipes, Chelonus, 156 
Anomala, 407 
Anotnalipus, 258, 267 
arUhraciimm, Nyciemera, 54, 63 
ApcUidea, 278 
Apion, 467 

*Arclaia (Nyctemera), 50 
arcuata, Nyctemera, 49, 63 
*armeniacus, Pseudoceles, 376, 381 
*arpatchai, Pseudoceles, 370, 384 
Asi^, 258, 260, 267 

assimile, Nyctemera tripunctaria, 53, 61, 
62 

assimilis, Nyctemera, 49, 53, 54, 61, 63, 
64 

Atasca, 47 

aterrimus, Leptocerus, 279, 281 
Aihalia, 467 

*athalia, Smicromyrme, 219-222 


atralba, Nyctemera, 47, 53, 64 
auricula, Apatidea, 278 
auriculaia, Pericoma, 412 
aurora, Cophotylus, 388, 389 
aurora, Wernerella, 363 
Austroicetes, 157 
avicularia, Pericoma, 412 
azurea, Mystacides, 279, 460 
azureipennis, Thalpomena, 364, 365, 372 

Babtidae from India and S.E. Asia, 161- 
177 

Baelis, 162-163 

basicornis, PhilorUhus, 305, 309 
*basipennis, Philonthus, 351 
bataviana, Timulla (Trogaspidia), 217- 
218 

baultcs, Nyctemera baulus, 50-62, 55, 63 
BematisUs, 72, 73, 74 
bicolor, Chorthippus, 233-247 
bicolor, Cloeon, 173 
bicolor, PhilorUhus, 305, 306 
bicolor, Pseudacraea, 100, 114 
bicolor, Triaenodes, 276, 280 
bicoloripennis, Philonthus, 318, 324 
*bedentiformis, Philonthus, 362 
bifasciatus, Alphitophagus, 267 
bimaculatum, Procloeon, 176 
bioculatum, Phylliurn, 466 
*biparan}erosus, PhilorUhus, 358 
! bisignatus, Philonthus, 345 
Blaesoxipha, 242, 243, 246 
blandula, Pericoma, 412, 421, 422, 438, 
439 

Blaps, 258, 260, 262, 265- 267 
! Blapstinus, 258, 260, 266, 267 
I boiei, Zophosis, 258, 264 

boisduvalii, Pseudacraea, 72, 84 
j bornln, Sphaerularia, 3 
Bombus, 1-45 
I borealis, Bombus, 16 
j BrachycerUrus, 276 
! Brachycotna, 3, 37 
i burgeon i, Philonthus, 353 

I buruana, Nyctemera baulus, 51, 63 

I cadaverina, Phaleria, 267 
! *caedator, Philonthus, 331, 337 
1 caffer, PhilorUhus, 330, 333 
{ cagra, Nyctemera, 47 

calcilega, Pericoma, 411, 412, 419 
I Calliephialtes, 466 
i Callimorpha, 47 
Caliiphora, 468 
*campe8tre, Centroptilum, 172 
canescsns, Pericoma, 411, 412, 418, 435 
CarUharis, 467 

carbonarius, Psamtnodes, 267 
carpenteri, Philonthus, 305, 309 
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carpenierit Pseudacrtiea poggei, 73 

cassiope, Odovtomviilla^ 228 

castaneum, Tribaliunh, 258-263, 268-269 

celebensiSf Timulla, 228 

Centroptilum, 172 

Ceriagrion, 136, 137 

cervicorniSf Philontkus, 361, 362 

Chaetopteryx, 276 

chapmani, Philonthus, 354 

ChelonuSf 166 

chiopteruii, CuJicoides^ 180 

chloropierus, Philonthus, 305 

ChorthippnSf 233-247 

chryftippuSf JJaiiavs, 73 

Cimex, 467 

ciiichiis, Philonihus, 318, 328 
cArcmncinHua^ PhilonihuM, 345 
^clambusy Philonthus^ 318, 325 
clarkiy Pseudacraea clarki, 73 
daihratay Sextromay 283, 288 
dathratOy Nyctemera daihratay 66 
CloeoVy 161, 173 
Clytoreruny 444 
*Coenagri()cnemiSy 137, 140 
*Coenorg'K)cncmi^y 137, 143 
coei'uJeipeniiifity Thalpomendy 364, 373 ' 
coerulescensy Thalpoment , 365. 366, 374 
cognata, Pencomay 411, 412, 418, 423-425 

* Col eta {Nyctemera) y 53 
comlustusy Philonthuify 330, 333 
compldy Pericomay 412 

cofi filmy Nyctf^merOy 40, 53, 64 
conjusumy Tribal luniy 255, 258 269 
coiigofiisisy Philonthusy 331, 335 
Cornontisy 267 
canrndtiy Philofit/iuSy 356 
coriradtiy Pspudacraea, 103. 114 
covmngiiineay Pseudacraei , 91, 109 
consobrina, Nyctemfniy 63 
*ccmHtricticepf<y J^hilonthuff, 347 
caniaminatay Ptyrhopterny 468 
Vophotylufiy 363, 3(>6 ; k(*v to .^pp. 388 
Corixa, 467 

corriutufy GnathoceraSy 258, 259, 262, 266, 
268 

*crameriy Nyctemfra crameriy 53, 63 

* crib nee pluiUcufiy Phihnithusy 318, 323 
*Crrnitay 363, 366, 390- 392 
crai'iata, Atidroicfh 9y 157 

Cryptic usy 258 

Culicoides^ seasonal and daily iruideiico in 
Scotland, 179-190 
*cuma€u.*iy Philonthufiy 330, 333 
cupreoniten.s\ PhilouthufSy 330, 332 
*( uriomify Philonthm, 296, 298 
CyrnuSy 4()0 

DanauSy 73 

dardanusy PapiliOy 71, 72, 74 
Vasiliy 258, 262, 264, 265, 267 
decemhneatay Lepti aotarsay 157 
decipieufty Tdmaloiscopusy 445 
decordy Smicromyrmfy 222-225 
JJetlemerQy 47, 48, 50 
ddudevny Pseudacraea dduden,s, 73 
*demavendiy Pseudacelefiy 376, 382 
densecaudatnKy Philonihusy 345 


dentifascia, Nyctemera, 49, 50, 63 
depressue, Dasua, 264 
deaerta, Squamulotilla, 225 
^deaerta, Thalpomena, 365, 366, 373 
deatructor, Tribolium, 258-266, 269 
devia, Brachycotna, 3, 35 
Diaclina, 268 

diaper invSy Alphitohina, 258-260, 262 264, 
268 

^diaphana, Nyctemera, 64 
dilutior, Philonthus, 300 
dilntipesy Philonthvay 331, 339 
dimidiaticornisy Philonthus, 305, 300 
*dipsicus, Baetis, 163 
discoideua, Catharia nigricans, 467 
; distinctOy Nyctemera distincta, 54, 57, 63 
; DiatretuSy 258, 267 

diversOy Pericomay 412, 419, 421, 435 
dollmoni, PhilonihuSy 362 
I dotomenL, Pseudaerneay 73 

j domcKticay Thermobiay 464 

I domesticuHy (tryllua, 465 

! Donacidy 467 

; dorsalf^y Hhyacnphildy 284 

i DytiscuSy 467 

I ^ebneriy Pseudocehsy 377 

I echeruiy Amaurisy 73 

echerioidesy Pseudacraea deludensy 73 
! eguHty Acracdy 73 

I eginUy Pstcadacraea chnkiy 73 

' *(U Kt'fiiy PscudocelcHy 376. 384 

Kleadesy 258- 263, 265, 2t»7 
elqunenMiSy PhilonthuSy 305, 315 
' elongatUy Unnathste^'iy 73 

elutella, Ephestiay larvae of, during dia- 

pause, 147-159 

Kmbaphwny 261, 263, 265, 267 
Emyofty 267 
EnaicylOf *277 

cpaeoide,Sy l\<ieudarracay 99, 113 
Ephefdiay 147 159 
epigcoy Pficuducraeay 92, J 10 
equeslnSy Lygains, 467 

frato, TimulUiy key to nnilcs f>f nlated spp., 
199 

erythrocephaldy i'athpharay 468 
einijtusy Pseudaerneay 71 133; dt^velop- 
nunt of knowledge of forms of, 74 ; im- 
matine stages, 76; synonymy, 77-84 ; 
male genital armature, 84 ; forms of, 88- 
1()5 . distrdnition of forms, 105-116; 
iniTnetie relationships, 116 127. 

I erergisfay JieUimcray 47, 57 
cxilt^'y Polar usy 2<i8 

exqicsitd, Pericamdy 412, 419, 422, <^36, 
439 

' eitensary ('aHiephialteSy 466 
' extneatUy Pericomay 412 

I fallaxy /*fricamay 412, 419, 422, 438, 439 
; Jannliarisy Odantamulilla farniliaris, 226 
famuldy N yctemcrUy 47 
' fasciatusy OnrhnpclHsy 467 
’ fasrijiennisy Cnhroidesy 188 

femoralisy Pedinusy 258, 260, 262 
, fickeiy Pseudacraea y 103, 114 
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firnbriolatuSf Philonthus, 352 
flavicaudaj Philonthui^ 306, 306 
Jimncornis, Limnophilus^ 21^, 281, 2S4 
Jlavomaculatufif Pol ycentropuSf 460 
flavt(8f lbidae<'U8f 449 
*flmta7is, Baetis, 166 
Formica^ 408 

*fraxinatU8, Phihnithus, 331, 341 
Juliginosa, Pfricoma {VIomyia), 412, 418, 
421, 422, 442, 444 
fulva, Tclephoru^f 467 
fulvariaj Psvudacraea, 93, 110 
furva, OecPtiM^ 278 
fuscttf Formua, 408 

fuaca, Pericoma, 411, 412, 421. 441, 444 
fuacipesy Agapetus, 277 

Oabrius, 292, 294, 362 
gages, Platyscelis, 258, 260 
geniculatns, Trachynotns, 258, 267 
gerardi, Philonthus, 353 
giyanlea, Eleodes, 258 
Oilpinia, 157 

glabrum, Ceriagrion, 136, 137 
(hiaihocerus, 258, 259, 262, 266, 268 
Gotra, 277, 449 
Goinphocerus, 233-238 
*gongulus, Phiintdhus, 35fi 
gottbrrgi, Pscuddcraea goilbergt, 73 
grarilts, Periroma, 412 
grand is, Phihmthus, 361, 3(i2 
^grisea, Pseudacrnea, lOO, 113 
gnsesceuM, (Jnliroides, 181, 187, 188 
grtseus, Tt achy nidus, 267 
(iryllolalpa, 465, 466 
Gryllus, 465, 4<»6 

haematoci phnla, Odoniomutilla, 226 
haematodis, Philanthns, 305, 308 
Hales us, 450, 452 -460 
hcdophiln, Blaps, 258, 260, 262, 265, 266 
halnphilus, Cuhroides, 187 
Halt ten, 467 

*hnrynansi, l*hilnvthns, 354 
Hant ngana, 74 
harviyt, Proclovon, 17(> 
heliophilus, (' ulnoidts^ 181 190 
^hcnuxantha, Pseudarraea, 95, 111 
herklotsn’, Myitenura, 51. 54, 56, 63 
hetpa, OdontomutiUa, 227 
hespenti, X yetemcra, 47 
fnbernira, Pencoma, 412 
^hhsutus, Philonihus, 305, 312 
hirtipe.s, ('rinitu, 391 
hiriipes, Thai pome na, 3t>3 
hirtnm, Lepidostomn, 281, 284 
hispilnn,>, EUodes, 259, 262, 265 
hobhyt, l*srudarra( a, 94, 11(1 
kvffmannseggt, I>asus, 258, 262, 267 
Hrwtala, 267 

hortif'nla, Pbytloperfha, 467 
hortorum, Bombus, 20 2(» 
hospes, Phdonthias, 330, 331 
bostilia, Pseudacraea, 72, 73, 84 
Uumbli^-beeH, biology of, 1 45 
humilts, Bomhus, 21, 25 
hyalina, Xyctemera, 64 


Hydropsyche, 277 
Hydroptila, 280, 281, 287 
Hypophloeiis, 266 

Ibidaecus, 449 

imitator, PseudxicraeM., 104, 114 
imptinctatUH, Culicoides, 181-190 
impuncticollis, Phdonthus, 296 
incerta, Formica pallidefulva schnufussi, 
408 

inconstaus, Xyctemera, 49, 63 
i infestans, Triatoma, 468 

j *infumata, Paeudacraea, 96, 111 

' infuscata, Xyctemera infuscata, 65 
I *inopifiU7n, Pseudocloeon, 171 
I in star, Xyctemera, 55 

! instigator, Pimpla, 461-462, 469; spornmto- 

[ phore production in, 461 

I irisvlare, Coenargiocnemia, 135, 137, 143, 
; 146 

^intermedia, Thalpomena nigeriana, 365, 368 
^iranicus, ('ophotylus, 388, 390 
i ^irideacens, PhiUmthus^ 318, 326 
I IscJmura, 137, 138, 140 

itanibvaa, Titnulla philippirienais, 210 

I *jackaoni, Paeudacraea, 100, 113 

' jacobaeae, Callimorpha, 47 

javana, Xyctemera arctatn, 63 

, jeanneh, Phihnihus^ 305, 311 
j *juh(t^ ('lofon, 176 

*kangcnna, Timulla phihppinensis, 211, 214 
I *kashitufnsis, Philonthus, 318, 324 
kelly t, Smteromyrme, 218 
kondekum, Deilcmera, 55 
kondekitm, I^epUtsotna, 61 
kondekum, Xyctemera, 49, 53, (U 
; kraatzi, Philonthus, 317 

kraepehnt, Pseudocloeon, 171 
kristenseni, Philonthus, 3o5, 308 
’ kuhniella, Kphednt, 15(), 157 
knnowoidfs, Pseudarraea, 96, 111 

lachesis, Pscudacraea, 97, 113 
j lactK iuta, X yrtf mt ra, 47, 18, 53, 63 
' laeagatus, Alphitobi u,\, 258 

laennodK, Mtpmira. 393- 0>9 
lam putptn u>>, Philonthus, 300 
lapidanus, Bombus, 17, 20. 21, 24, 25, 32. 33 
lat» tall y, Tipula, 168 
, Latin t ir us, 258, 2(9), 2(i8 

( laticof niy, Philonthus, 3()2 

! laiistnga, X yctemetn lat/sfiKja, 55, 56, 63 
latreillellus, Btanhus, 4 
I lederrn. Pseudoceh <, 375, 3S5 

1 ledettri, Thalpominn, 363 

! Itucodtgma, X yefetnett. , 49. 5t’ (>3 
j L( pidostonia, 281, 281, 287 

j Leptinotarsa, 157 

> Leptocit u^, 279, 281, 287 

Leptosoma, 47 

lethijira. Blap-y, 258, 2()0, 2(9) 

*limbata, Xyetem* ta, ()5 
Limnoplnlus, 27(‘), 281, 2M. 287, 450, 451. 
460 

Lina, 467 
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lineatue, Stembothrvs, 233-247 
lineolakif Athdlia, 467 
Liogryllits^ 466 

*Us8onuru^% Philonthus, 331, 341 
Locusfa, 236 
Loxostege^ 156 

lucanicornis, Philonthvs, 361, 362 
Lv cilia, 157 

lucorum, Bombus, 2, 12, 14, 16, 17, 21. 24, 
25, 32, 33, 37 
Hugens, NycUmern, 65 
lutaria, Sialis, spermatophor© production 
in, 460-461, 469 
UUosa, A^ida, 268, 260 
Lygaeus, 467 
Lype, 459, 466, 469 
lythri, Haltira, 467 

Macrocentnis, 466 

*macrogyna, Myrmica rubra, 397-408 
maculata, Nyctemera, 60, 63 
ma^ulata, Nyctemera maculata, 49, 57, 63 
maculatus, Myrmeleoiettix, 233- 247 
macMlipennis, Philonthus, 348 
madagascariensia, Harungana, 74 
madens, Tribolium, 268 
maderae, Oedipoda, 363 
madiaum, Philonthus, 304 
major, Formicc rufa rufo- prate nsis, 408 
*malayana, Methoca, 195-196 
malayana, Timulla philippinensis, 211, 
212 

manifesta, Odontomuiilla, 227 
manyemae, Philonthus, 331, 344 
*mare8cens, Philonthus^ 331, 342 
marginalis, Dytiscv^, 467 
inarginalis, Nyctemera, 49 
marginipennis, Philonthus, 318, 328 
maritimus, Philonthus, 331 
*maroccana, Thalpomeno algeriana, 365, 
369 

*inarshalli, Philonthus, 331, 335 
mauriciana, Platycnemis, 137, 145 
*meges, Philonthus, 330, 332 
mclarmira, Nyctemera, 52 
melas, Nyctemera, 52 
methneri, Philonthus, 305, 308 
Methoca, 193-198; k©yto Malayan spp., 194 
*mickeli, Timulla (Trogaspidia), 199, 201- 
204 

* microgyna, Myrmica rubra, 397-408 
Micropterna, 276, 281 
migratoria, Locusta, 236 
mimo^ras, Pseudacraea, 98, 112 
minor, Forfnica rufa rufo-pratensis, 408 
minutus, Philonthus, 346 
mlanjeusis, Pseudacraea, 104, 114 
mocquerysi, Philonthus, 347 
Molanna, 449, 450 

molUor, Tenebrio, 268, 259, 262-264, 266, 
267, 467 

mongendensis, Philonthus, 299 

*montana, Thalpomena algeriana, 366, 368 

•monticola, Gabrius, 362 

morio, Philonthus, 331, 333 

motoensis, Philonthus, 317 

mundipicta, Nyctemera, 51, 63 


muricaium, Emhaphion, 261, 263, 265 
mutua, Pericoma, 412 
Myrmeleotettix, 233-247 
Myrmica, 393^09 
Mystacides, 278, 279, 450, 460 

natalensis, Philonthua, 305, 306, 313 
neglecta, Pericoma, 411, 412, 418, 419, 421, 
430-432 

Nemobius, 466, 466 
Nepa, 467 

nerina, Nyctemera, 47 

nervosa, Anabolia, 460 

neumanni, Pseudcuiraea gottbergi, 73 

Neuronia, 283, 288 

niavius, Am^auris, 73 

nigra, Mystacides, 278, 450, 460 

nigriceps, Philonthus, 353 

nigricornis, Silo, 450 

nigripes, Crinita, 391 

nigrovenosa, Nyctemera, 52 

nigrovenosa, Nyctemera coleta, 48, 52 

*nimloides, Philonthus, 306, 315 

nitidiventris, Formica pcUlidefvlva, 408 

Notonecta, 467 

noviespunctata, N yctemera, 49, 63 
■nubecula, Nyctemera, 49, 66 
nubecula, Nyctemera trita, 63 
nubeculosus, Culicoides, 188 
nubila, Pericoma, 411, 412, 418, 419, 422 
Nyctemera, spp. from Java, 47-64; flpp. 
from Malaya, 64-66 

obscura, Pseudacraea, 99, 113 
obscurus, Pseudoceles, 376, 385 
obscvrus, Tenebrio, 258-260, 262, 264, 268 
obsoletus, Culicoides, 180 189 
occulta, Hydroptila, 280, 281, 287 
ochripeymu, Philonthus, 330, 332 
ocypoides, Philonthus, 361, 362 
Odontocerum, 277, 286, 287, 289 
Odontomuiilla, 226-228 
Oeconthus, 465 
Oecetis, 278 
Oedipoda, 303 

nedipodioidea, Pseudoceles, 370, 380 
Onwcesius, 233 247 
Onchopeltis, 467 
Opafrinus, 267 

Opatrum, 258, 260, 262, 264-267 
opiatlioxantha, Pseudacraea, 95, 111 
*orcinus, Philonthus, 363 
orina, Acraea, 73 
oryzae, Latheticits, 258, 268 
oryzae, Timulla amatis, 229 
ovada, Nyctemera latistriga, 56, 63 

paederomimns, Philonthus, 317, 321 
pagenstecheri, Nyctemera, 51, 52 
*palaestinus, Pseudoceles, 376, 380 
pollens, Nyctemera, 49, 66, 63 
pallidicornis, Culicoides, 181-190 
*palmyrae, Baetis, 163, 164 
*paloeana, Timulla philippinensis, 211, 
215 

Palorus, 249-273 
palustris, Pericoma, 412 
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Papilio, 71, 72 

parallelug, Chorthippue, 23^247 
parciverUrUt Pkilonthus, 318 
parvieomis, PMlorUhnSj 318, 328 
Pedinus, 258, 260, 262, 267 
^perUhesilea, Methoca, 196-198 
peregrinus, PhilorUhns, 345 
perenna, Actam^ 73 

Pericoma, early stages of British spp., 411- 
447 ; kev to larvae, 418 ; kev to pupae, 
421 

*p€ripateticus, PhilontJij>s, 300, 303 
persa, Paeudocele^, 376, 377 
peraa, ThcUpoinena, 363 
personaium, Sericoatoim, 276, 277, 450 
petvlca, Nyctemera, 53, 61 
phaeopa, Lype, 459, 466, 469 
Phaleria, 267 

philippine-nsia, Timulla Philippine nais, 211, 
212 

philippinensia, Timulla, keys to related 
subspp., 210, 211 
*PhiloTUhohleriua, 300 
PhilorUhua, 291-362 
Philopotamua, 277 
*phoculua, PhiUinihua, 305, 309 
Phryganea, 284, 286 
Phyllium, 466 
Phyllobius, 467 
Phyllopertha, 467 
piraiua, Sec/uaio, 51 
piloaa, Ooi^ra, 277, 449 
pilularia, Peric^nm, 412 
Pimelia, 258 
Pimpla, 461 462, 469 
Pitaaila, 47 

plataleae, Jbidaeeua, 449 
Platycnemia, 137, 145 
Platyacelia, 258, 26(», 267 
plebema, Anomdlipua, 258 
poggti, Bemaliatea, 73 
poggei, Paeudarraea poggei^ 73 
poggemdea, Faeudacraea, 97, 112 
Poliaiea, 22 

poHtus, Limnophilua, 450 
poll MX, PhiUmthua, 362 
Polyrentropua, 460 
polytoma, Oilpinia, 157 
potnonae, Apion, 467 
*pondo, Paeudarraea^ 104, 114 
popiya, Syctemera, 54 
popiya, Nycternera aasimilia, 63 
popiya, Nyctemera diatincta, 63 
popiya, Nyciemera popiya, 57 
*popovi, Paeudocelea, 377, 381 
populi, Lina, 467 
'^praetor, Philonlhua, 317, 319 
pratorum, Bombua, 17, 24, 25, 32 
prolixua, Bhodniua, 157, 468 
Psammodea, 258, 267 
paeudahyaainua, Philonthua, 305, 315 
Paeudacraea, 71-133 ; generic synonymy, 
77 ; mimicry in, 73 
Paeudagrion, 136, 138 
paeudexquiaita, Pericoma, 412, 421, 422, 439 
PaeudoctUa, 363, 366 ; key to spp., 375, 386 
PaeudodoUmi, 171 


Paithyrua, 3 

Paychoda, 412, 414, 416, 418, 444, 446 
Ptychopiera, 468 

pulchra, Pericoma, 411, 412, 419, 421, 425 
pulicaria, Culicoidea, 1 80-1 89 
punctum, Paeudagrion, 135, 136, 138, 146 
puailla, Enoicyla, 277 
puaillua, Daaua, 258, 265 

quadriguUcdum, Nyctemera, 65, 63 
quiaquiliariua, PhilorUhua, 331 
quiaquiliua, CrypticMa, 258 

radiatua, Halesua, 450 
*rapacio8ua, Philonihua, 350 
ratezehurgi, Palorua, biologj^ of, 249-273 
*Raucaliu8, 304 
reinecki, Philonihua, 299 
^rhodeaiae, Philonthua, 317, 319 
*rhodeaianu8, Philonthua, 348 
Rhodniua, 167, 468 
rhombirua, Litnnophilua, 276 
Rhyarophila, 277-278, 280, 284, 286 
robust icornia, Philonihua, 318, 328 
rogerai, Pseudacraea, 102, 114 
rubra, Myrmira, 393-409 
rubrocapilata, Odoniomutilla, 227 
*rubrovittut.U8, Philonthua, 317, 326 
ruderariua, Bombua, 21 
rudipennia, Philonihua, 318, 326 
rufa, Formica, 408 
rufa, Formica rufa, 408 
ruft>arena, PhilorUhua, 318, 322 
rujipea, 135, 137, 142, 146 
rufoiincta, Diaclina {Alphiobiua), 268 
rufua, Gomphocerus, 233-238 
rufua, Philonthua, 362 
, ruginodia, Myrrnica, 393 

ruginodo-laevinodia, Myrmica laccinodia, 
393 -109 

*ruguhpennia, Philonthua, 300, 30l 
ruhama, Paeudarraea, 90, 109 
*rungsi, Thalpomena, 365. 366, 374 
ruu'enzorira, Paeudarraea, 101, 114 

aabuloaum, Opatrum, 258, 260, 262, 265 
' sanguineus, Philonihua, 347 
acalarium, Nyctemera, 49, 50 
acalarium, Nyctemera arctata, 49, 63 
Scatophaga, 468 

aceva, Ttmulla (Trogaspidia), 199, 205-20^ 
achotUedeni, Philonthua, 299, 3(K) 
acotii, PhilorUhua, 305, 308 
acrobicularia, Paammodea, 258 
Recusio, 51 

*aelene, Timulla (Trogaapidia), 199, 2(X>-20] 
aemicuprea, Donacia, 467 
aenegalenaia, Ischnura, 137, 138, 146 
' *8epilibilia, Philonthua, 331, 339 
*septimum, Oloeon, 174 
aequaz, Micropterna, 276, 281 
‘ aequena, Philonthua, 330, 333 

I aeriatipennia, Philonthua, 300 

i aerirata, Lucilia, 157 

Sericoatoma, 276, 277, 450, 452-460 
aerraticomia, PhiUrnthus, 362 
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Hxmaculaia, Nyciemera, 63 
Sialis, 460-461, 469 
€Mon, 174 
SUo, 450, 452-460 
similis, Psammodea, 258 
similiat Telmatoscopua, 416 
simulator, Pseudacraea, 93, 110 
simulatrix, Ny^mera, 63 
^ingapora, Timulla philippinensis, 211, 212 
*sinuaius, PhUotUhus, 331, 341 
skeati, Timulla philippinensis, 212 
*smaragdinus, Philonthua, 348 
Smicromyrme, 218 
*solitarius, Baetia, 170 
aolstitialia, Amphimallua, 467 
aomalienaia, Philonthua, 318 
*sondaica, Timulla (Trogaapidia), 199, 208- 
209 

Sphaerularia, 3 
Sphingonotua, 363 
aplendena, Cophotylus, 388, 389 
aplendens, Thalpomena, 363 
*8tavelioides, Pseudacraea, 91, 109 
ateindachneri, Cophotylus, 388 
Stenohothrus, 23^247 

stephani, Timulla (Trogoi^pidia), 199, 204- 
205 

atercofrarium, Scatophaga, 468 
aticticalia, Loxosiege, 156, 157 
striata, Pseudacraea, 91, 109 
suhdepressus, Pahrus, 258 
suhglobosU, Pimelia, 258 
subnubilus, Brachycentrus, 276 
aubs^riatus, Blapstinus, 258, 260, 266 
subtilicornia, Philonthua, 362 
subveleta, Nyctetnera, 66 
sulcipennia, Eleodea, 262 
aumatrenaia, Nyctemera, 64 
*sumbana. Timulla (Trogaapidia) philips 
pinensia, 212, 216 

aunda, Timulla philippinenaia, 211, 213 
surcoufi, Psychoda, 445 
auturalia, Eleodea, 258, 260-263, 265 
Sycorax, 444 

aylvarum, Bomhua, 21, 25 


Hamulus, Philonthua, 358 
tandanhnaia, Philonthua, 305 
♦tori, Paeudoceles, 376, 382 
Telephorua, 467 
Telmatoacopua, 418, 444, 445 
Tenebrio, 258-260, 262-264, 266 268, 467 
Tenebbionidae, comparative survey of 
life histories, 258-266 ; natural habitats 
and feeding habits, 266-268 
tenuifaacia, Nyctemera tenuifaacia, 60, 63 
Henuiaaimua, Philonthua, 331, 344 
terra, Pseudacraea, 99, 113 
terreatria, Bomhua, 17, 21, 22, 24-26, 32, 33 
Thalpomena, 363-391 ; key to spp., 364 
thecjrini, Pseudacraea, 92, 110 
Therm obia, 464 
Hhurbont9, Baetia, 168 
thymede, Odontomutilla, 227 
Higroidea, Baetia, 167 
Timulla, 198-218, 228-229 


Timulla (Trogappidia) philippinensis, key 
to subspecies of, 209-212 
Tinodu, 460. 460 
Tipula, 468 

tirikenaia, Pseudacraea, 96, 111 
Trachynotua, 258, 267 
Triaenodea, 276, 280 
Triatoma, 468 
Tribolium, 266-269 
Trichomyia, 444 
Trichopaychoda, 444 

Triohoptera, British, pupae of, 275-289; 

spermatophore production in, 449-471 
trifaaeiata, Pericoma,^!!, 412,419, 421,428, 
445 

Hrilobatua, Philonthua, 331, 335 
trimaculatus, Cymua, 460 
trimeni, Pseudacraea boisduvali, 73 
tripunctaria, Nyctemera, 47, 49, 53, 61, 62, 66 
tripunctaria, Nyctemera tripunctaria, 60, 61, 
63 

triteriatus, Philonthua, 300 
tride, Opitrum, 258, 262, 264, 265, 266 
^ tristichua, Philonthua, 299 
trita, Nyctemera, 56 
trita, Nyctemera trita, 62, 64 
trividlis, Pericoma, 412, 414, 418, 419, 422- 
423, 444, 445 
TryplMeromera, 47 
turbiduB Philonthua, 354 
Hurcicua, Paeudoceles, 375, 385 
Humeri, Philonthua, 344 

uelensis, Philonthua, 317, 321 
Ulus, 267 

*unguiculari8, Philonthua, 318, 323 
urania, Odontomutilla, 228 
urticae, Phyllnhiua, 467 
uatulatua, Telmatoacopua, 418, 445 
uatua, Philonthua, 330 
*uvarovi, Paeudoceles, 375, 383 

varia, Phryganea, 284, 286 
velana, Nyctemera, 66 
ventralia, Philonthua, 331 
victoria, Pseudacraea, 101, 114 
villoaa, Chaetopteryz, 276 
*vinaoni, lachnura, 137, 140, 146 
violaceua, Paeudoceles, 376, 383 
viridipennia, Thalpometia, 364, 365, 369, 
372 

viridia, Cloeon, 174 
viridulua, Omoceatua, 233-247 
vittiger, Philonthua, 317 
volvulus, Philonthua, 318, 321 

waeneri, T inodes, 460, 469 
williamai, Timulla philippinensis, 211 

youbdonia, Pseudacraea, 92, 109 

^zameguri, Paeudoceles, 376, 381 
zetea, Acraea, 73 
Zonoaoma, 47 
Zophoaia, 258, 264, 267 
Zygoptera, of Mauritius, 135-146 
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KBRATA. 

P. 78, line 25, for “ punotus ” reei ** punctifl/’ 

P« 95, lines 1^15, reiirrite as follows : The model is BenuUiste,, macarista rihyi le Doux, 
and the mimic is [perhaps one of the best amot^g all the forms of eur^ua. The form of macariata 
having the anterior portion of the bar of the hind wing yellow instead of white was shown 
to be M* macariata Sharpe by le Boux (1937).** 

J?, 101, the date of desori^ion of victoria should be 1929. 

P. 101, lines 7-8 from bottom, for '^alboetriata Lathy ” read dolabella Hall.’* 

P. 118, second paramph, for “ Van Someren ** read “ van Someren.” 

P. 128, line 6,)or R. van Someren ” read “ V. G, L. van Someren.” 
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